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ABSTBACT 

Volume Tvo of the report presents an inventory of 56 
models directly or peripherally related to health manpower supply and 
requirements problems. The report is organized into four main 
sections: (1) a description of the contents of the inventory, methods 
used in its development, model inventory descriptors, and model 
selection rationale; (2) a discussion of the health manpower model 
classification scheme used to categorize the models; (3) the 
inventory itself; (4) four indexes to assist in locating individual 
models: name of developer, data source, health manpower model 
bibliography, and input and output variables for each model category. 
Each description includes purpose and sponsor, scope and subject, 
mod«l assumptions, model structure, inputs and outputs, computer 
characteristics, and modeling techniques employed. The majority of 
the models were found to have been developed using some form of 
regression analysis. The remaining models are a mixture of 
organization models or descriptive models. Classification by subject 
area indicates over one«half concerned with health care delivery 
organizations, less than one half with health manpower resources and 
consumer service behavior. Of the manpower models the majority are 
concerned with physicians or nurses, (Author/SA) 
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PREFACE 



A major program objective of the Division of Manpower Intelligence 
during the 2^8 years of its existence was the analysis of current and future 
health manpower resources and requirements. In pursuit of this objective, 
the Division engaged in the development and support of various modelling 
activities aimed at developing improved techniques and analytical tools. 
These activities were earned out both by Division staff and by contract 
studies. 

The present report on work performed by Vector Research, Inc. for 
the Division of Manpower Intelligence under contract number. MI-2431 3, "A 
Health Manpower Model Evaluation Study," consists of two volumes. This 
second volume presents an inventory of models directly or peripherially 
related to health manpower supply and requirements problems that were 
developed and/or results reported during the period 1960-73. The first 
volume contains a comparative analysis of problem areas in health manpower 
analysis and the subject matter treated by the models described in Volume IL 
It is believed that the information contained in this report should be of 
value to persons interested 1n health manpower analysis. 

The material presented in Volume 11 was prepared by Timothy C. Doyle 
and Janice R. Enberg of the Vector Research, Inc. 

Any conclusions and/or recommendations expressed herein do not 
necessarily represent the views of the Division of Manpower Intelligence, 
the Bureau of Health Resources Development, the Health Resources 
Administration, or the Department of Health, Education, and Welfare. 
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1.0 INTRODUCTION 

As a pare of VRI's contract with the Bureau of Health Resources 
Development, VRI is to compile an inventory of models directly or 
peripherally related to health manpower supply and requirements pro- 
blems. In order to accomplish this task VRI has: (1) completed a 
comprehensive search for material describing these models, (2) re- 
trieved all available documentation identified at. potentially rele- 
vant to this study, (3) developed a set of model inventory descrip- 
tors to characterize each model, and (4) constructed an inventory 
of health manpower models in terms of these descriptors. This tech- 
nical report documents the results of these activities. 

The report is organized into four main sections. The first or 
introductory section describes the contents of the inventory, methods 
used to develop the inventory, model inventory descriptors, and 
model selection rationale. In the second section a health manpower 
model classification scheme is discussed and used to categorize the 
models in the inventory. The inventory of health manpower models in 
terms of the model descriptors is presented in the third section. 
The final section consists of four indices to assist the reader in 
locating or describing individual models In the inventory, an index 
of the models contained in the inventory (ordered by surname of the 
developer), a data source index delineating the data sources used by 
the model builders, a model bibliography listing the documents rele- 
vant to the development of this inventory, and a list of model Input 
and output variables organized in terms of the model categories pre« 
sented In section 2.0. 
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1, 1 Dooment RetHeval and Model DeeoHptoi* Development 

Shortly after notification of contract award* VRI becsan an exhaustive 
review of all secondary and primary sources of health manpower niodel Infor- 
mation. Journals* abstracts* and Indices In the health* economic and 
engineering fields were searched for any Information relevant to this study. 
An effort was made to Include as many abstracts and Indices as possible to 
Insure complete coverage of all Important published or unpublished material 
on health manpower models. Figure 1 provides a list of the documents re- 
viewed (abstracts and Indices as well as the Individual journals which were 
not Indexed or abstracted or which were specifically examined for pertlnen^t 
research notes and for references to new or forthcoming publications). As 
can be seen In this table* the search covered the period 1960 to 1973* how- 
ever* very little relevant Information was found In material published prior 
to 1964. Copies of potentially relevant publications were obtalnad from 
the University of Michigan Library* University Microfilms* Incorporated* 
National Technology Information Service or directly from the author If the 
material was unavailable In these document repositories. The bibliographies 
of each document received were examined and relevant publications or reports 
Idehtlfled and then acquired using similar retrieval procedures. As a re- 
sult of these activities* approximately 9B% of the documents Identified 
were retrieved. 

Paralleling the Identification and retrieval of documents* a complete 
set of model descriptors was developed and tested against the material re- 
ceived. As a result of these tests* the descriptor list wat* modified from 
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Abstracts of Contributed Papers. American Public Health Association* 1968O970 

Abstracts of Hospital Management Studies* 1966»197? 

American Economic Association - Index of Economic Articles, 1960-1968 

American Economic Review, 1960-1973 

Applied Economics, 1969-1972 

Applied Statistics, 1962-1971 

Biological Abstracts, 1969-1972 

Dissertation Abstracts International, 1960-1973 

Econometrica, 1960-1972 

Economic Abstracts, 1964-June, 1972 

Economica, 1966-1970 

Health Services Research, 1966-1973 

Index Medicus, January 1960-October 1972 

Industrial and Labor Relations Review, 1962-1971 

Inquiry, 1966-1972 

International Abstracts In Operations Research, 1965-1968 

Journal of Economic Literature, 1969-1973 

Journal of Human Resources, 1966-1972 

Journal of Political Economy, 1966-1973 

Manpower, January 1069-Septefflber 1972 

Manpower Journal* 1967*1971 

Manpower Research Projects sponsored by the US Department of Labor, 
Manpower Administration, 1967*1970 

Medical Care, 1966-1972 

Monthly Catalog o^ US Government Publications, July 1971-June 1972 

National Bureau of Economic Research Publications, 1920-1970 

Nursing Research, 1966-1972 

Operations Research, 1963-1973 

Quarterly Journal of Economics, 1960-1972 

Review of Economics and Statistics, 1960-1972 

Review of Economic Studies, 1960-1971 

Social Security Bulletin, 1966*1972 

Southern Economic Journal, 1965*1972 

US Government Research & Development Reports Index, Jan« 1968*Decembef 1969 
Western Economic Journal, 1962-1970 

riGURE 1i LIST OF JOURNALS, ABSTRACTS, AND INDICES REVtEV^ED 
FOR INFORMATION ON HEALTH HANPOUER MODELS 
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time to tlmt by removlnge redefining, or adding descriptors to Improve 
the eppllcabimty of the categories to Individual modeU and the general 
utility of the contents of the model Inventory. The final set of descrip- 
tors chosen and a brief definition of the Information contained In each 
cAtegoify are provided In figure 2. The first descriptor shown In figure 2 
Is the model Identification code which Is simply a two character alphanumeric 
code Intended to provide a concise reference to each model In the Inventory. 
The remainder of the descriptor^ listed In this figure are divided Into 
three major groups: Identification, General {Descriptors, and Technical 
Descriptors. The Identification Descriptors provide Information to enable 
the reader to differentiate between Individual models. Identify the model 
developers, and delineate the relevant documents describing the model. 
The second group of descriptors presents a general overview of the model 
end Includes such Information a development status, purpose, sponsor, 
scope, narrative abstract, etc. In the Technical Descriptor section the 
analytic structure of thk model Is described In terms of major model modules, 
mathematical techniques employed. Input and output variables, characteris- 
tics of computing equipment, and verification procedures used. 

l,i Hodtt SttwHon 

Approximately 8SX of the documents obtained as a result of our Iden- 
tification and retrlisval activities were sufficiently relevant to this 
stilly to be Incorporated In the Health Manpower Model Bibliography pre- 
sented In section 4.3. Of these references, however, only about one half 
contain Information which characterizes Individual health manpower models, 



ERIC iO 



5 



HOOEL IDENTIFICATION CODE 
1.0 IDENTIFICATION 



1.1 Descriptive Title 

Brief title containing k'y words to Identify the subject area of the 
Sdel and to enable the reader to differentiate each member of the 
Slation inventory. Generally this title is a minor modifi- 
ation of the major reference title, however, for several models 
1 completely new, more definitive title is formulated. 

1.2 Developer's Name(s)_ 

The names and orqanizational affiliations of developers. The organi- 
lational affiliations given are those at the time of publication of 
the model references. 

1.3 References 

M««- nf «ii modftl references included in the Health Manpower Model 
BibliSirfphy! by iSt S5to(s) of developer(s) and dates of publication. 

2.0 GENERAL DESCRIPTORS 



g.l Development Status 

The degree of completion of the model. ^ The development status given 
is that provided in the most recent model reference. 

iji Purpose and Sponsor 

Uhv the model was developed; the general uses of the model (e.g. « pre- 
dictiSS of health sirSicSs Utilization, analysis of phys cian m gration 
patterns, etc.). The model sponsor is the organization identified as 
having pmided financial support for the devalopnient of the model* Jn 
the cases where no such organization is dentified, the reason for th« 
work, as well as can be determined, is given (e.g., "wdel is part of a 
PhD dissertation, or reported on in the proceedings of a particular 
conference.) 



nmi 2. SIMULATION CATALOG DESCRIPTORS 
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2»3 Scope and Subject 

Specific Infomatlon on the range and type of health fnanpower Informa- 
tion manipulated by the niodel. The Information Includes subject area 
of the model • category of health fnanpower^ geographic area» aggre« 
gation level • year of applicability or devefopinent» etc* 

2*4 Abstract 

Brief narrative description of the m^^^ and Its development* Including 
application areas » development rationale • development methodology* major 
mdel characteristics • etc* Where appropriate^ portions of the abstract 
ire drawn directly from the summary text provided In references* 

2*5 HaJor Outputs 

A general description or V\t of the Information provided by the model* 
closely related to the modil output variables listed In section 3*5» 
but usually not as detailed* 

2*6 Assumptions/Constraints/Hypotheses 

List of assufflptlonsi constraints^ and hypotheses of the model « It was 
often difficult to differentiate between assumptions and hypotheses 
and assumptions and constraints* General 1y» assumptions • constraints • 
and hypotheses Identified as such by the developer were so listed* 
Otherwise! a hypothesis was taken to be a proposition presented and then 
tested by the deve1oper» while an assumption was a statement accepted 
as valid without verification* Assumptions which analytically bound (^r 
limit the model were classified as constraints* 



3.0 TECHNICAL DESCRIPTORS 



a.1 Model Type 

Ideintlflcation of model techniques employed (regressloni linear pro- 
grannlrvii s1mu1at1on» Markov model • or any combination of these tech- 
nlqutfi deterministic or stochastic > open or closed » etc*}« 



FIGURE 2 (CONT*) 
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3.2 Model f.haracteH sties 

SSSiSs Sd orSSIsses. For regression cnidels containing several depen- 
Snt aSd iSdSpendSt Variables, a chart is providnd re ating the in- 
2:ul„3«n* ««r?ahies to the dependent so that the structure of the 
tlTm brioJl 1 arl^isK^i^ed. In large .ulti -equation models 
this chart is omitted to preclude cumbersome tabulations. 

9.3 Rata Utilized 

Identification of the data sources utilized in the construction or esti- 
iJtion of the model. Sources utilized by only one model are generally 
listed in full, while other sources are referred to by their identifi- 
cation number in the Data Source Index. 

3.d Input Variables 

List of input variables of the model. 

3.S Output Variables 

List of output variables of the model. 

a.6 Verif ication/Appl icabil i tv/Rel iabil itv 

S4-iidies oerformed by the developer for model verification are described. 
Appl clbSlitJTf thi mSdel. givSn the data used to estimate or construct 
the mode is discussed. If the model Is appi cab e only to • specific 
SSulatiw. constitution, or geographic «J".J??JJ2 
Ml regression models of questionable applicability due to W data 
my be applicable if reestimated using the appropriate current data. 
A statement is included on the reliability of the model for short- or 
long-rJSge planning, if ihe reliability can be determined from.the 1n- 
\?on.iation provided in the references. 

a.7 Computer Characteristics 

Identification of hardware and software characteristics of the model. 
I.e.. type of machine, program language, storage requirements, running 
time etc. In most cases, little or no information on thes^ charac- 
teristics WDs provided in the references utilized. 

riGURE 2 (CONT.) 
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1*e.« references which contain analytic descriptions of health manpower 
models or which describe the Information generated by or the Information 
used by these models. The remaining references In the bibliography con- 
tain articles outlining studies relevant to health manpower planning, 
but were generally devoid of explicit modeling components or mre des- 
criptions of health models which focus on subject matter essentially un- 
related to health manpower. 

In order to keep the contents of the model Inventory (section 3.0) 
both manageable In size and consistent with the scope of the study* only 
those model descriptions which met a predetermined acceptance criteria 
were Incorporated In the Inventory. The general criteria chosen was to 
Include In the Inventory all health process descriptions which analyti- 
cally define the mathematical relationships between variables directly 
related to health manpower problems. Using this general acceptance pro- 
cedure models which did not contain any discernible analytic components 
and models which describe health processes essentially unrelated to health 
manpower planning* e.g.* a hospital facilities design model or a model of 
a specific disease were excluded from the Inventory. In addition* this 
acceptance criteria was sufficiently Indiscriminate to permit Incorpora- 
tion Into the model Inventory most of the broad spectrum of current and 
previous health manpower modeling developments. 

2*S Modete Cataloged 

An analysis of the models described In the Inventory reveals that the 
majority of the models are developed using some form of regression analysis. 



14 



9 



The remaining models are of a mixture of optimization models (e.g., linear 
programming) or process models (e.g., queueing, Markov, Monte Carlo or 
deterministic simulation models). In addition, the majority of the models 
were developed by Individuals working In economic disciplines. This latter 
observation Is only significant In that economists tend to view the health 
manpower system In terms of traditional economic phenomena such as the 
health manpower supply and demand In educational, health service, and labor 
markets as determined by prices, wages, socio-economic and demographic 
variables; hence, many of the models are described In terminology charac- 
teristic of this discipline. 

Since many of the models In the Inventory are concerned with several 
health disciplines and other models simply treat health manpower as a gen- 
eral Input required to provide health services. It Is difficult to classify 
the model* Inventoried In terms of the health disciplines they address. 
However, of the models in the inventot'y which deal directly with health man- 
power, the overwhelming majority are primarily concerned with two -salth 
disciplines - physicians and nurses. Topics covered in these models in- 
clud? factors which influence geographic distribution of physicians, hospi- 
tal demands for medical residents, supply of physicians and medical special- 
ists, supply of and demand for nurses (RNs. LPNs, etc.), future supply of 
nurses, nurse staff planning and scheduling, etc. Four models in the 
inventory quantitatively deal with dental parameters such as geographic lo- 
cation of, demand for, and supply of dentists, cind five models are directly 
concerned with allied health problems (e.g., demand for, absenteeism in 
length of service of, and utilization of allied health manpower), The 
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remaining models In the Inventory are models of health processes or areas 
of the health system closely related to manpower requirements such as 
health consumer requirements by Illness category, simulation of health 
service activity In terms of personnel, facilities and consumables, etc. 

Finally, It should be noted that this document is Intended to pro- 
vide a descriptive Inventory of current health manpower models, rather 
than a subjective or objective assessment of the quality or worth of 
specific modeling efforts* in this regard, the reader should use this 
inventory to Identify the collection of models which could be employed to 
assist with the accomplishment of particular tasks or with various 
decision-making activities. Furthermore, It Is hoped that the Inventory 
contains sufficient detail concerning specific model attributes to 
enable the reader to discern which of the models are most appropriate or 
applicable to his specific needs i however, the depth of characterization 
which Is needed to adequately compare and select the "best" model for a 
specific tr^sk mtty require much more Information thin Is presented here* 
Such additional Information should be obtained from the Individual model 
developer or from the references listed In section 4.3 of this technical 
report and not from VRI or Its sponsor* 
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2.0 A HEALTH MANPOWER MODEL CLASSIFICATION SCHEME^ 

In this section the general classification structure which will be used 
to characterize health manpower models is discussed. The discussion concen- 
trates on the overall conceptual framework of this structure, the character- 
istics of its individual components and the problems of classifying the cata- 
loged models in this framework. The assignment of specific models to relevant 
modules in this classification is accomplished in subsequent sections. 

The primary purpose for inclusion of a health manpower modeling 
structure is to facilitate reader comprehension of the overall magnitude 
and scope of the health manpower modeling spectrum and the relationships be- 
tween individual modeling efforts. This classification structure will also 
provide a mechanism for delineating comparative groupings of models which 
manipulate similar health manpower system parameters. These groupings or 
structural elements will then provide a framework for defining important cau- 
sal relationships between various model classes, identifying information gaps 
or deficiencies in the model spectrum and specifying the structural attributes 
of the models which might fill these gaps. Furthermore, by grouping similar 
modeling efforts, the relationships between BHME policy variables, perfortnance 
measures, and information requirements and the general model classes can be 
delineated. 

A schematic o> the classification scheme chosen is provided In figure 3. 
This structure consists of eight blocks characterizing eight health manpower 



initial health manpower model classification structure was developed with the 
assistance of Dr. Richard Smallwood. Xerox Corporation, in P^'epaj*} « 
OMI workshop on Development of Technology for Health Manpower Intelligence. 
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model subject areas and fourteen connecting branches (arrows) representing 
major Information flows between the subject blocks. Although the transfer of 
information between blocks may be considered unilateral in specific cases, 
counter-flow examples exist for many branches shown in the diagram. Thus, 
bidirectional arrows are used to depict these bilateral information flows. 
Each of the subject categories and the numbered information flows associated 
with that category is presented in section 2.1.. First, however, we will dis- 
cuss the inherent shortcomings of the classification scheme shown in figures. 

The subject categories in the classification scheme selected do not de- 
fine mutually exclusive model domains nor does the sum of individual blocks 
necessarily encompass the total spectrum of distinct health manpower models. 
Additional limitations of the scheme presented he.<^ ire noted as follows: 

(1) Although the limited number of structural compartments facilitate 
conceptualization and comprehension, many additional categories with- 
in and between these compartments must be developed to differentiate 
between the distinct characteristics of closely related models. 

(2) Many models da not fall conveniently into one subject block, rather, 
they may encompass more than one classification, concern only parts 
of individual blocks, or manipulate data which essentially might be 
characterized as belonging to the undefined space between blocks. 

(3) Economic markets (a topic discussed later) are not explicitly 
defined on the structure, and 

(4) The classification scheme used provides a conceptual model structure 
rather than describing the actual process governing the health man- 
power system. 
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In spite of the above limitations, the scheme does satisfy many of the 
aforementioned purposes for its incorporation in this document. First, we 
feel this structure provides a model classification scheme which is simplistic 
enough to be easily visualized, yet comprehensive enough to delineate the 
essential characteristics of the several health manpower model efforts. Second, 
although the domains of the subject groupings chosen may slightly overlap in 
certain areas, they are conceptually differentiate. Third, specific federal 
program or policy actions can easily be identified with one or more of the 
structure categories. Finally, and probably most important, given the block 
definitions provided below, the scheme is amenable to classifying the individual 
models identified for incorporation in this inventory. 

2.1 Claeeifioation Stimoture 

In the following paragraphs the general types of models in each of the 
blocks of the classification scheme as well as the information fUms between 
these models are described. 

D.pni.Hnn D ynamics Models. Any model which generates current or future 
demographic, socioeconomic or other population characteristics would 
generally be included in this category. In particular, models included 
in this block might describe population parameters typifying various char- 
acteristics of health manpower or define health consumer variables pertinent 
to assessing the demand for health manpower. Since the models in this cate- 
gory could provide infomation for or obtain data from any of the other sub- 
ject blocks. infonnatioR ?low lines are connected between all other blocks 
and the population dynamics model block. That is. models which fall into 
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any of the subject category blocks in figure 3 may use socioeconomic, denro- 
graphic, or other parameters derived by population models to describe the 
relationship between these parameters and other model variables. Similarly, 
the results generated by these models may provide more accurate, current, or 
detailed estimates of population characteristics which would be feedback to 
the population models to upgrade or update their information base. For example, 
an educational choice model might require information on family income, father's 
occupation, sex, etc., as input variables and provide information to population 
dynamics models to update population characteristics in the model on niinber of 
medical school applicants, number of persons entering nonprofessional health 
occupations, etc. The information transfers between population models and the 
other model subject categories are schematically shown in figure 4. 

Educjitional Choice Models, This category encompasses models which manipulate 
behavioral, motivational and decision parameters governing the individual 
choices of type, location, and level of health p»*ofessions education; e.g., 
nurse incomes, number of medical school spaces, tuitions and fees. There are 
four information flow lines emanating from this block as shown in figure 5. 
Arrow number two (2) depicts a unilateral flow of information from health care 
delivery models concerning working condition descriptors such as wages, working 
hours, job prestige factors, etc.. which could provide inputs to models determining 
factors relevant to an individual's choice of education. Arrow number three (3) 
indicates a flow of data describing persons electing health professions not re- 
quiring formal education which could be used in models of health manpower resources 
described later. The bidir«ctional arrow, number four (4). infers a bilateral 
data exchange between educational choice and health profession education models 
concerning prices of education, entry requirements, and characteristics of 
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'.tudenu tielecting formal health training. Arrow number five (5) again in- 
dicates essentially a unilateral flow of data on working conditions detailed 
in health research models which might influence individuals to obtain sufficient 
education to perform research. 

Health Profession gducation Models . As is shown in figure 6. two general 
classes of interrelated education models have been assigned to this category: 
models concerned with the administration of health profession education and 
models which describe the actual education process. Administration models 
manipulate variables concerned with the price of education, entry requirements, 
optimal mix and size of staff, number of students, etc. The educational process 
models Incorporate parameters describing the quality and effectiveness of health 
profession education, such as the size of classes, subject material taught, 
minimum degree requirements, etc. In addition tc the information link (4) 
with the educational choice model noted above, two other educational nwde'l 
information Interfaces are identified In figure 6. Data characterizing the new 
entries into each manpower category (e.g.. medical, nurse, dental, allied health 
and other graduates or dropouts) as well as data characterizing manpower 
selecting educational occupations (e.g.. medical school professors, administrators, 
secretaries, etc.) could be transferred (6) between education and manpower 
resource models. Another information flow concerned with health research inno- 
vations or discoveries impacting on health profession education and educational 
parameters, i.e.. availability of a research environment, facilities, subjects, 
funding, etc.. is shown as arrow number (7) in figure 6. 

M.n pnwp>. Resource Models. Models in this category can be visualized as be- 
longing to two classes! manpower pool models which provide estimates or 
predictions of the number or distribution of personnel in terms of discipline. 
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geographic location, occupational specialty, etc.i and labor force behavior 
models which deal with the factors Influencing Individual behavior patterns 
and decisions concerning participation in the labor force (Including variables 
concerned with general labor force participation as well as selection of a 
particular job; e.g., income of health manpower, hours worked per week, 
participation in specialty practice). In addition to the information flows 
between this module and the educational model block (6) and the educational 
choice block (3), the manpower resource models have Information links with 
the health research models (8) and health care delivery organization models 
(9) as is shown in figure 7. These data transfers essentially consist of 
Information on working condition parameters (e.g., wages, hours, relative 
prestige, etc.) arid or. the number, distribution and characteristics ov in- 
dividuals in the health manpower disciplines entering particular working 
environs, such as research, private practice, hospital services, etc. 

Health Care Delivery Organization Models. The two general classes of models 
associated with this category are HCDO administration models and health ser- 
vice delivery models as is shown in figure 8. Administration models are con- 
cerned with optimal, a?^an1zat1onal management and planning structures, staff 
mixes, allocations or scheduling, cost and profits on services rendered, etc. 
Service delivery models Include simulation or prediction of services provided 
by the private practitioner or delivery organization in terms of the supply 
of physician or dental visits, types of services provided, price for services, 
and effectiveness of services. Inforaation flows, in addition to those prev- 
iously identified, i.e., (l), (2). and (9), potentially exist between HCOO 
models and health research (10), consumer service behavior (11) and inci- 
dence of illness models (12). Health research models provide estimates of 
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future research findings In health care which could affect the methods of 
health care delivery, such as technological Innovations In health care delivery 
(e.g.. computer assisted diagnosis, microform rpcnrd storage, high speed blood 
analyzers, etc.). cost-effective analysis of alternative practice settings 
(e.g.. group practice, health maintenance organizations and solo-fee-for-servlce 
practice) and new modes of health treatment (e.g.. chemotherapy, nuclear medi- 
cine, artificial organs, etc.). The bilateral exchange of Information between 
HCOO models and health consumer models might Include; health service prices, 
type of services provided (e.g.. diagnostic, referral, artlllary. etc.).geo- 
graphlc distribution of these services, as well as socioeconomic, health status 
and other characteristics of patients demanding health services. The flow of 
information from HCDO models to Incidence of Illness models would consist of 
data on specific health treatments offered which could Influence the Incidence 
of particular Illnesses. 

rnncumor Service Behavior Models. Two. classes of Interrelated models are 
Identified with this grouping: perception of need models, and service utili- 
zation behavior models. Perception models describe the factors which Influence 
the Individual's perception of his health state; I.e.. demographic variables 
such as educational background, health history, age. as well as external 
parameters such as medical advice, the extent of Information disseminated 
concerning specific Illnesses (e.g.. televised material on symptoms of heart 
disease), etc. Service utilization models characterize factors governing 
patients' decision processes concerning the type, location, and quantity of 
service sought (e.g.. wages, savings, health Insurance, social beliefs, etc.). 
consumer service models primarily exchange Information with the health care 
delivery models (11) discussed previously, and Incorporate the data (13) 
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concerniny the health status of a population provided by Incidence of Illness 
models as is depictr.d in figure 9. 

Incidence of Illness Models. Models classified in this category are essentially 
siuiulations describing the health status of Individual members of a population. 
As such, they could be categorized as a specialized form of population dynamic 
models; however, because of their relative Importance in determining demands 
for health manpower services, a separate subject category block is provided. 
These simulations primarily utilize information provided by population dynamics 
models (e.g., age, sex, economic status, race, place of residence, etc.) indi- 
cated by information transfer number (1) in figure 10, to generate health charac- 
teristics of the population (e.g., mortal fty rates; proportion of the population 
in various diagnostic categories, etc.). As noted previously, this Information 
is supplied to health consumer behavior models (13) which in turn provide 
modifications of this data to health care delivery organization models (11). 
Additional information flows are*, data concerning preventive or episodic 
treatments or health services provided by health care delivery organizations 
(12) which might Influence incidence of illness; and information from research 
models (14) concerning potential breakthrough in disease prevention. 

Health Research Models. The group of models which supply information on research 
discoveries or which identify research demands for health manpower are classed 
as health research models. This somewhat anomalous wodel category is included 
in the classification scheme because of the influence of health research on 
health manpower productivity (e.g», technological or methodological improvements 
in health care delivery) which affects the supply of health manpower services, 
as well as, the impact health research on the health status of a nation, which 
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modulates the demand for these services. Since health research 1s conducted 
In a variety of locations (health care delivery organizations, health-related 
Industries, and educational Institutions)* we decided to Isolate the research 
element In a single component rather than partition Its specialized segments 
across several categories In the conceptual structure. The Information 
transfers between research models and other model categories* discussed pre- 
viously, are shown In figure 11. 

2.2 Model CtaeeifioaHon Pvoblme 

Although most of the models Identified are conveniently placed Into one 
or several of the above categories, five of the problems associated with 
classification of the models In the Inventory are: 

(1) Discrimination between HCOO adnlnlstratlon and service delivery 
models All health care delivery organization models Identified 
could be visualized as administration models (I.e., 2^11 models 
provide Information ostensibly to describe level of service de- 
manded, number of bed days provided, staff required as well as 
optimizing the use of organization resources to maximize profit, 
minimize cost, etc.). For our purposes optimization or planning 
models concerned with management or scheduling of staff or services 
or allocation of facilities or material are classified as adminis- 
tration models. Models which simulate or describe health services 
provided In terns of the number, distribution, type or price of 
services provided as well as the personnel categories Involved In 
the service are classified as health service modules (e.g., a model 
estimating the number of office visits supplied by a physician). 
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(2) Discrimination between manpower pool characteristics and labor 
force behavior In the health manpower resource models Manpower 
pool models are estimates or predlc'.lons of number of personnel In 
a regiont occupation) or at a point In time. Prediction of manpower 
location could be considered behavioral, but the two types are 
differentiated here by level of aggregation. Locatlonal models 
based on aggregate variables (e.g., total number of physicians as 
a function of total population, total Income, percent urban, etc.) 
are classified Manpower Pool; locatlonal models based on Individual 
characteristics (e.g., state of birth, medical school location, etc.) 
are classified Labor Force Behavior. Labor force behavior models 
are those dealing with the Individual's decisions concerning 
participation In the labor force (Including variables Influencing 
general participation In the labor force and participation In a 
specific job or location). 

(3) Classification of Supply of and Demand for Residencies -■• i; ...ply 
of residencies could be considered as health care delivery or-> 
ganlzatlons* demand for physicians or as educational Institution 

supply of higher education. Since not all hospitals offering residencies 
are affiliated with medical schools, supply of residency models are 
classified HCDO - Administration. Choice of specialty (demand 
for residencies) can also be considered an educational choice and 
a labor force behavior choice. Since the physician choosing a 
specialty Is already in the labor force, and not all hospitals 
offering residencies are affiliated with educational Institutions, 
choice of residency is classified Labor Force Behavior. 

(4) Location of Economic Market Models — Although specific economic 
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markets &re not Identified In the diagram (figure 3) of the 
classification structure, the three traditional markets, health 
profession education markets, health manpower markets and health 
service markets can be associated with combinations of the subject 
category blocks. For example, education markets concerned with 
the supply of and demand for health profession education and the 
associated cost or price of this education can be viewed as en- 
compassing parts of educational choice and education models blocks 
as well as those portions of the manpower rosource block defining 
the substitutes for health education. The health manpower market 
consists of the health manpower resource models block defining 
the supply of health manpower and the educational, research and 
HCDO models blocks describing the demand for health manpower. The 
health services market is primarily defined by the interrelation- 
ship between the demand for services detailed In the consumer be- 
havior models block and the supply of these services Which fall In 
the HCDO models' domain. Individual market models are, therefore, 
classified Into one or multiple subject groupings depending upon 
the subject orientation of the major modules. That Is, models 
which purport to describe the market, but which emphasize attributes 
associated with a particular subject category are classified within 
this category. Similarly, market models concerned with material 
reasonably distributed among several of the classification group- 
ings will be classified In each of these categories. 
(&) Large-scale Models — The classification problem Introduced by 
models whose principle scope of Interest extends beyond the bor- 
ders of any of Individual categories will be handled In the same 
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method employed on market models. For example, models which develop 
population dynamics, describe Incidences of Illness, and estimate 
consumer service demands, etc., will be identified in multiple 
suDject areas, as appropriate. 

2.3 Model Clasaifiaation 

Using the previously discussed health manpower model classification scheme 
the models in the model Inventory (section 3) can be classed as shown in 
figure 12. In this figure each classification area is followed by a list 
of the models in the Inventory which fall in this area. Each model is 
identified in terms of its mocjel identification code found at the top of 
each model descriptor list. Section 4.1 of this report provides a cross 
reference index between these identification codes, the model developer, 
and the descriptive model title. 

As can be seen in figure 12, there is a heavy concentration of tnodels in 
the area of administration of-health care delivery organizations; over one 
half of the models in the Inventory cover topics which fall in this category. 
Also notable is the absence of any models in the health profession educational 
process, health consumer perception of need, and health research model classi- 
fication areas. There are a variety of reasons which could be responsible for 
this apparent maldistribution of health manpower modeling efforts. First, the 
classification scheme chosen may contain a certain amount of inherent bias 
resulting in a greater portion of the models identified being classed in one 
or more subject areas. Second, the model builders may have concentrated on 
areas where the data was more accessible or the processes better defined. 
That is, health care delivery organizations are more amenable to process 
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Classification Area 



Population Dynamics Models 

Educational Choice Models 

Health Profession Education (Administration) 
Models 

Health Profession Education (Educational Process) 
Models 

Health Manpower Resource (Manpower Pool) Models 

Health Manpower Resource <Ubpr Force Behavior) 
Models 

Health Care Delivery Organization (Atfanlnlstratlon) 
Models 



Health Care Delivery Organization (Service 
Delivery) Models 

Consumer Service Behavior (Utilization Choice 
Behavior) Models 

Consumer Service Behavior (Perceptloii of Need) 
Models 

Incidence of Illness Models 



L2, R2, Y1 

A3, F4, F5, L3, Yl 
None Identified 



BS, E2, F1, Fl, FS, 
Mil H3, Mil SI, F8 

B4, B6, S2, S6, SB, Yl 



A1, A2, B1, 82, B3, 
CI, Fl, FS, F6, F7, 
M2, K4, J1, Kl, LI, 
U, Ml, H2, R2, S3, 
S4, S5, S7, T1, U1, 
m, Y1,Zt 

F2, F4, R1, Yl, F8 



A4, 01, El, F3, FS, 
F7, HS, L2, N1, R2, 
R3, Yl 

None Identified 



AS, A6, L2, N1, 01, 



itesUh Research Models 



None Identified 



FIGURE 12: CLASSIFICATION OF MODELS IN INVENTORY 
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descriptions In terms of Input and output parameters which are readily avail- 
able (e.g., number and type of services provided, time required to provide 
services, manpower required, etc.) than the less structured processes employed 
in health profession education or health research. Similarly, health care 
delivery Is easier to analytically define than the complex subjective parameters 
which govern an Individual's perception of his health status. Third, the 
results provided by models of the delivery processes could be much more 
applicable to decision making activities associated with these organizations. 
Whatever the reason, the concentration of modeling effort on administration 
of health care delivery organizations Is readily apparent with even t.he most 
cursory examination of the models described In the Inventory. 

The two model categories which border the Health Care Delivery Organization 
category. Health Manpower Resource and Consumer Service Behavior models, together 
contain slightly less than half of the siodels Identified In the Inventory. Of 
the 26 models In these two classes, eight are also classified as Health Care 
Delivery Organization models. This multiplicity of classifications Is due In 
part to the high degree of dependence of Health Care Delivery Organization 
models on the supply of manpower (I.e., health manpower resource models) and 
on the demand for health services (I.e., Health Consumer Behavior) which 
clearly Influence the models of these processes. In addition there are two 
economic markets easily Identifiable which concern the Interaction of these 
three model categories. The market for health manpower deals with the behavior 
and supply of manpower selecting specific working conditions or organizations 
depending on the wages offered, job location, etc. The health services market 
Is described by the behavior of health consumer as t, function of price, avail- 
ability, desirability, etc. of the services offered. 
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The models Identified In the inventory are fairly evenly divided among 
the remaining subject categories with the exception that only three models 
are concerned with the mechanisms of choosing specific educational disciplines 
and only two models are classed as Population Dynamics models. Although 
there are many models concerned with simulation of population characteristics! 
the only models identified here are those which are principally health man- 
power models which happen to contain a population generation module. A further 
characterization of the models In each of the classification categories Is 
provided in section 4.4 which lists the input and output variables manipulated 
by the models in each category. 
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3.0 INVENTORY OF HEALTH MANPOWER MODELS 

This section contains the Inventory of health manpower models des- 
cribed In terms of the objective descriptors presented In figure 2. 
Models Included In the Inventory are those Identified In the literature 
review as analytically defining the mathematical relationships between 
variables directly or Indirectly related to health manpower. The 56 
cataloged models are arranged alphabetically by surname of the principal 
developer rather than by subject area due to the multiplicity of topics 
covered In the larger models. 
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1.0 IDENTIFICATION 



1. 1 DescHPtive Title 

Nurse Allocation Planning and Scheduling Model 

1.2 Developer's Names 

William J. Abernathy, Nicholas Baloff, John C. Hershey and Sten Vlandel, 
Stanford University 

1.3 References 

Abernathy et al, 1972, Hershey et al, 1972 

2.0 GENERAL DESCRIPTORS 



2.1 Developnwnt Status 
Completed 

2.2 Purpose and Sponsor 

To present a staff planning and scheduling model for use In the nurse 
staffing process In acute hospitals, to evaluate the relative benefits 
of variable and fixed staffing policies. Model development was par- 
tially supported by Booz, Allen and Hamilton, Inc. 

2.3 Scope and Subject 

Nurse staffing processes In acute hospitals 

2.4 Abstract 

A three-staqe nursing staff planning and scheduling model Is developed. 
The process for staffing services Is divided Into three decision levels: 
(1) policy decisions Including the operating procedures for service 
centers and for the staff control process, (2) staff planning Including 
hiring, discharge, training and reallocation decisions, and (3) short 
term scheduling of available staff within the constraints determined by 
the two previous levels. The planning and scheduling decision models 
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are formulated as a stochastic programming problem incorporating 
policy decision variables. The problem Is reduced and reformulated 
In terms of two models: (1) a Monte Carlo model for determining 
minimal staff capacities to meet a specified level of service, and 
(2) a linear programming model to determine the optimum staff allo- 
cations to satisfy minimal staffing levels for specified staffing 
policy. Hypothetical data Is employed to illustrate model potential 
in hospital decision-making activities. 

2.5 Ma.-|or Outputs 

Determination of optimum allocation and scheduling for a nursing 
staff given certain staffing policies. 

2.6 Assumptions (aVConstralnts (cWHv POtheses (h) 
General Staff Planning and Scheduling Model 

(a-1) The demand for full-time equivalent employees at a particular 
location Is assumed to be generated by a stochastic process 
that is stationary during each planning period. 

(a-2) On any particular day the demanji for service In a particular 
ward may exceed the available staff level with a resulting 
penalty for unmet demand. 

(a-3) There Is no benefit for overstafflng. 

(a-4) Utility is dependent on the chosen policy and the expected 
cost. 

Short Term Schedul 1 ng Model 

(a-5) Two policies available for consideration are fixed staffing 
and controlled variable staffing. 

(a-6) The distribution function for nurse workload In a particular 
ward on a specified month exists ahd is continuous. 

Staff Allocation Planning Model 

(c-1) The Inflow of staff equals service demands and outflow for 
each ward during, each planning period. 

(c-2) The effective availability of nurses is greater than or equal 
to the minimal staff capacity. 

(c-3) Movement or effective allocation of staff during the pUnnIng 
period is greater than or equal to zero. 



43 



39 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Monte Carlo simulation for short term nurse scheduling model and 
linear programming for nurse staff planning model. 

3.2 Model Characteristics 

(1) Monte Carlo Model - two policy alternatives, fixed staffing and 
controlled variable staffing are modeled. In both cases a risk 
level Is defined In terms of the fraction of days when the num- 
ber of assigned nurses to a particular ward In a specified month 
are less than required services (the model random variable). The 
model determines the minimum staff levels for each planning per- 
iod to meet a specified risk criterion. 

(2) Linear Progranmlng Model - The single objective function Is to 
minimize the cost associated with staff allocation policies 
subject to the three constraints listed In section 2.6. 

3.3 Data Utilized 

Hypothetical data Is utilized to test analytic formulation. 

3.4 Input Variables 

Short Term Scheduling Model 

(1) Mean, standard deviation and distribution function governing 
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workload In ward J during planning period 1, 
Number of wards (J), 



3/ Number and duration of planning periods (1), and 



Additional unidentified variables. 



Staff Allocation Planning Model 

5) Number of persons to be moved vrom one location to another, 

6) Cost of salary, moving and training a person, 

7) Fraction left during period 1 of entering number of persons 
after attrition during t periods of training In location J and 
coming from source k, 

(8) Efficiency In full-time equivalent persons during period 1 after 
t periods of training In location J and coming from source k, 

(9) Output of short-term scheduling model, the required minimum 
effective staff level In period 1 and location j. 
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(10) Set of sources k from which persons can be moved to location 
j In the beginning of period 1> 

(11) Set of sinks j to which persons In location k can be moved In 
the beginning of period 1« 

(12) Set of staffing locations, 

(13) Set of all training lengths for persons that enter the training 
pools in ward j In period 1. 



3,5 Output Variables 

Short Term Scheduling Model 

Required minimum effective staff level In period 1 and 
location j. 

Staff Allocation Planning Model 

The staffing costs associated with the allocations of personnel 
necessary to provide the effective staff level. 



3.6 Ver1f1cat1on/App11cabnity/Re11ab111ty 

Subject to empirical validation of underlying model distributions and 
availability of data on Input parameters* the model may have specific 
application In the nurse staffing process In acute hospitals and may 
be generally applicable to other service organizations with similar 
demand and production characteristics. The model structure Is appli- 
cable to short-term assignment decisions and longer-term staff allo- 
cation decisions. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 



1.1 Desc.'iptive Title 

Hospital Ancillary Services Planning Model 

1.2 Developer's Name 

Wynn Anthony Abranovic, Rensselaer Polytechnic Institute 

1.3 References 
Abranovic, 1969 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To develop a methodology to assist hospital administrators In predicting 
aross demand for hospital ancillary services* and to link service 
demands to departmental resource needs. PhD dissertation, supported 
by the Albany Medical Center Hospital. 

2.3 Scope and Subject 

Demand for servlcti of the following departments: physical 
medicine and rehabilitation, hematology, microbiology, radiology, 
clinical chemistry, and the operating room. 

2.4 Abstract 

Regression analysis Is used to obtain tjgi PJ^JlJJ 

number of services requested In various hospital departments. The 
equations are Incorporated Into a deterministic simulation model 
of dally Inpatient census to determine resource needs (manpower, 
equipment, floor space, costs, and revenues), associated costs, and 
revenues required In specified ancillary departments as a function 
of management decisions. 
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2.5 Major Outputs 
See section 3.5 



2.6 Assumptions (a)/Constra1nts (c)y Hypotheses (h) 

(a-1) There Is a set of quantifiable relationships which can 
be embodied In a model such that the number of hospital 
Inpatients at a particular time may be used to estimate 
the demands for services of certain hospital departments. 
Furthermore* the service demands can be linked to the 
departmental resource requirements so that financial 
conditions may be estimated. 

(a-2) Each department Is treated Independently; decisions for 
one department do not Influence the consequences of 
decisions In any other departments. 



Deterministic simulation model In conjunction with empirical 
regression equations. 



3.2 Model Characteristics 

Simulation model used to predict the dally Inpatient census Is 
combined with selected program controlled management decisions 
and empirical regression equations to estimate demands* resource 
requirements* 



3.3 Oata Utilized 

Statistics for development of the model equations were obtained 
from 215 observations on each Input variable from July 1» 1967 
through January 31, 1968 at the Albany Medical Center Hospital. 



3.4 Input Variables 

(1) Projected dally Inpatient census for each service category 
j( related to type of patient and hospital depaa'tment) and 
number of admissions and transfers Into these categories. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
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(2) 
(3) 
(4) 
(5) 
(6) 

(9 



(10) 
(11) 
(12) 

(13) 
(14) 



Number of employees in a department, 
Previous year.'s direct depreciation, 
Present floor space, 
Previous year's cost of supplies. 
Previous year's overhead cost. 
Number of hours in a standard day. 

Number of hours for each person of a class to work overtime, 
Fractions of equivalent numbers of employees in each class 
to work part time and overtime. 

Number of hours for each person of a class to work part time. 
Total number of units of service in the past year. 
Fraction of employees in Management, Middle Grade, and Lower 
Grade groups. 

Average pay rate for each salary range, and 
Average revenue per request for service. 



3. 5 Output Variables 

For a particular day of the simulation period; 



(1 

\l 

4 

6 
7 
8 



(10) 

(11) 

(12 

(13) 

(14" 

;i5 

16 
17 
18 

*19 

(20 

(21 

(22) 



Number of employees "In each pay grade. 
Corresponding pay rates per hour, 
Yearly direct depreciation. 
Cost of supplies per service request. 
Average revenue per service request. 
Floor space. 

Number of requests for service In each department. 
Declaration of when the need arises to add and/or lay off 
employees, buy or sell equipment. Increase or decrease 
floor space. 

Accumulated man-days of employment. 

Hours, 

Wages, 

Total requests for services, 

Revenue, 

Labor cost. 

Depreciation, 

Cost of supplies. 

Cost of overhead 

Surplus (profit or loss). 

Break-even number of service units, 

Surplus above the break-even point. 

Days and man-days of non-full work loads, and 

Total profits or loss in all departments simulated. 



3.6 Verificatlon/Appllcabllity/RellablHty 

The methodology may be applied to any hospital; the specific equations 
developed In this work apply o,ily to the Albany Mudical Center Hospital. 
The model may be used for short-range or long-range planning. 



3 . 7 Computer Characte ri sti cs 
Written in Fortran IV 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Present and Future Supply of Registered Nurses 

1.2 Developer's Name 
Stuart H. Altman 

1.3 References 
Altman, 1971 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Completed and used to project 1970-1980 admissions. 

2.2 Purpose 

To determine the importance of the factors influencing high school 
graduates to enter nursing. 

g.:^ Sco pe and Subject 

Projection of admissions to associate degree programs, diploma 
admissions, and baccalaureate admissions. 

2.4 Abstract 

A suDDlv model for new admissions to nurse training programs Is developed. 
Two versions of the model and their reduced forms were estimated, one 
iMkding the variable "diploma admission rate In year t" n the equation 
for associate degree admissions, an(J the other version excluding the 
v^HabTe. The models were estimated using 1956-69 data, and used to 
project admissions In the period 1970-1980. 
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2.5 Major Outputs 

Projection of new admissions to nurse training programs. 

2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) The demand for health services will continue to grow relative 

to other sectors requiring large numbers of female professionals, 
leading to continued greater Wage Increases for nurses; the 
differential growth rate will slow down. 

(a~2) Wages for baccalaureate nurses will grow at a rate relative to 
teacher earnings equal to the average recorded for the last 5 
years, reaching a ratio of 1*2 by igso. 

(a-3) The growth In earnings will be slower for the associate degree 
and diploma graduate* 



3*0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Regression Analysis 



3.2 Model Characteristics 

Two models, 3 equations each^, 6 Independent variables and 3 dependent 
variables. The following are the specific variables Included In each 
regression equation. The dependent (output) and Independent (Input) 
variables are those Identified In sections 3*5 and 3*4 respectively* 



Model 1 



Model 2 



Dependent Variable 



Pi 

(3) 

X 

2 



Independent Variables 

(2) 
I. (6) 

. (3) 



1 • 








:i). 


(4) 




(2) 


w 




(1). 


(4! 
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3.3 Data Utilized 

Data sources for the development of the models are listed In the Data 
Source Index number (133) and (90). 

3.4 Input Variables 

(1) Ratio of average beginning level wages of general nurses In period 
t to average beginning level wages of public school teachers In 
period t, 

' (2) Growth function representing the growth process of associate 
degree nursing programs, 

(3) Growth function representing the growth process of diploma 
nursing programs, 

(4) Growth function representing the growth process of baccalaureate 
degree nursing programs, and 

(5) Diploma admission rate, and 

(6) Associate degree admission rate. 

3.5 Output Variables 

(1) Associate degree admission rate In year t, 

(2) Diploma admission rate In year t, 

(3) Baccalaureate admission rate In year t, 

3.6 Ver1f1cat1on/Appl1cab111ty/Rel1ab111ty 

Both versions of the model were used to project admission rates and 
number of admissions for 11 years (1970 to 1980), and the forecasts 
wtv-e compared. The developer states that "the relative value of the 
alternative projection models should be evident within the next few 
years," 

3.7 Computer Characteristics, 



None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Behavioral Model of Families' Use of Health Services 

1.2 Developer's Name 
Ronald Andersen 

1.3 References 
Andersen* 1968 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To contribute to research Into the Interrelationships of social fac- 
tors and use of health services. Model development sponsored by the 
US Public Health Service. 

2.3 Scope and Subject 

Families' total use of health services.' 

2.4 Abstract 

A theoretical foundation of a behavioral model of health service 
use Is developed and the construction of the variables discussed. 
Three proposed hypotheses are tested with 1964 data« and the 
results {correlation and variance) analyzed. 

2.5 Major Outputs 

The relationships of units of use of five health services: hospital, 
physician, drugs, dental, and other services, to the Input variables. 
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2,6 Assumptions (a)/Constrd1nts (c)/Hypotheses (h) 

(h-U The amount of health services used by a family will be 
a function of the predisposing and enabling character- 
istics of the family and Its need for medical care. Each 
component will make an Independent contribution to the 
understanding of differences In use. 

(h-2) The explanatory components of the model will vary In their 
contribution to the explanation of total use. Need will 
be more 1mpo»*tant than the predisposing and enabling com- 
ponents because It represents factors most directly related 
to use. 

(h-3) The contribution of each component will vary according to 
type of health service: (1) the contribution of need will 
be greatest for hospital service; (2) the contribution of 
predisposing and enabling components will be greatest for 
dental services} and (3) all will contribute to understan- 
ding physician services. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Correlation and variance analysis 



3.2 Model Characteristics 

The .model consists of three components: a predisposing component 
(Including subcomponents: family composition, social structure and 
health beliefs), an enabling component (Including subcomponents: 
family resources and coiiinunlty resources), and a need component 
(Including Illness and response subcomponents). Relationships 
between the Independent and dependent variables are examined using 
correlation and variance analysis; no equations are developed. 



3.3 Data Utilized 

Data was obtained from the Bureau of Labor Statistics (hospital 
dally service charges) and the California Medical Association 
(physician use); 
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a. A input Variables. 

(1) Family size. „ 

2) Sex of head of family. 

3} Marital status of neadi 

4) Age of the head, 

5) Age of oldest and youngest members, 

6) Employment, 

7) Social class, ^ 

8) Occupation of main earner, 
'9) Education of head. 

Ethnicity, 

Value of health services. 
Value of physicians. 
Value of good health. 
Value of health Insurance, 
Attitude toward health services. 
Attitude toward physician use. 
Knowledge of disease. 
Income, 
Savings, 

Health Insurance,. 
Regular source of care. 
Welfare care,^ 
Physician ratio. 
Hospital bed ratio, 
Residence, 
Region, 
Symptoms, 
Disability days. 
Health level, ^ . _ 
Free care for major Illness, 
Seeing doctor for symptoms, and 
Regular physical examinations. 



^■s niitput Variables. 

variables listed In section 3.4: 



Units of use of hospitals, 

Units of usfi of Physicians, 

Units of use of drugs. 

Units of use of dentists* an<e ^ ^ 

Units of use of other service* to the inputs. 
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6 Ver1f1cat1on/AppHr*MH »y/Rtiiab1Hty 

^5? constructed, no verification of the im\(i} can 

made. ReJIablllty of the correlation and variance enalvsis Is deLn- 
dent on the applicability of the 1964 date to thrprS'eJt t1m«. 

7 Computer Ch aract6ir»<fi»<rc 
None Identified 



S3 

A5 

1.0 IDENTIFICATION 



1.1 DescHptlve Title 

Model of Health Status In New Mexico 

1.2 Developer's Name. 

James 6. Anderson, Purdue University 

1.3 References 
Anderson* 1972 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

. . .. Purpose and Sponsor. 

Prediction of direct and Indirect effects on health status of changes 
In popu atlon structure resulting from natural causes or the Inter- 
vention of health programs. Model development supported by the 
SlltloSal center fof Health Services Research and bevelopment and the 
Purdue Research Foundation. 

2.3 Scope and Subject 

Causal model of health status In New Mexico 

2.4 Abstract 

A model of causal relationships among eleven linearly ifflated 
soda? demographic, and economic variables Is hypothes zed to 
descrlbeTe^eSlth'status of the Popu Jtlon. The ^Jf conslsts^^ 
of seven linear regression equations ^Itht^he dependent variable o 
the first equation becoming an Independent variable In the second* 
Jtc.. until the final equation relates the mortality from accidents* 
suicide and cirrhosis of the liver In 1968 to the remaining ten 
variables. 
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2«S Major Out puts 

2.6 Assumpti ons (a)/CQn5tra1nts (cVHypotheses (h) 

(a-1) There are no unmeasured variables except the residual 
variables. 

(a-2) These residuals are uncorrected. 

(a-3) Ea?h dependent variable Is directly linked to all other 

variables that precede It in the postulated wusal sequence. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

7 eguations, each with 1 dependent variable and 4 to 10 Independent 
KfrlfSl^J: I*^ follow ng provides the functional rJlationshS? 
fL2S"4i''® dependent (output) and independent (input) variables 
listed in sections 3.5 and 3.4 respectively. »«"iauiB5 



Dependent Variable 
2 

I 

5 



Independent Variables 



(1 




w 


1 






1, 












X 


m 




i: 




9} 


[1)H 


*10) 



3.3 Data Utilized 

Data for estlmatiofi of the equations was obtained from the New 
Mexico State Department of Health and Social Services! thi US 
Census, and the New Mexico Bureau of Business Research. 
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3.4 Input Variables 

(1) Per cent of labor force In agriculture 1968, 

(2) Per cent urban 1960, „ ^ . . 
3 Per cent Spanlsh-Afnerlcan or Mexican-American 1960, 
(4) Per cent non-white 1960, 
I 5) Net migration 1960-69, 

6) Median age 1960, _ 

7 Median education I960. 

8} Per cent unemployed 1968, 

(9 Per capita Income 1967, 

(10) Hospital beds/population ratio 1968. 



3.5 Output Variables 



il 
il 

5 
6 
7 



Net migration 1960-69, 

Median age 1960, 

Median education 1960, 

Per cent unemployed 1968* 

Per capita Income 1967, 

Hospital beds/population ratio 1968. 

Mortality from accidents, suicide and cirrhosis of the liver 1968. 



3.6 Verification/AODlicabn itv/Reliabnity 



The methodology may be applied to any population; the specific model 
de5el?ped applle™to the health services system serving the state of 
New Mexico. 



3.7 Computer Characteristics 
None identified 
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A6 

1.0 IDENTIFICATION 



1.1 Descriptive Title 

The Production of Health. An Exploratory Study 

1.2 Developer's Natnes 

DA^h^w^A Aiiefat* citv College of the City University of New York, 

iJ'vlnS Lemo!!: New York cfty Department of City Planning. Deborah Saracheck 

1.3 References 

Auster, Leveson 4 Sarachek, 1969 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

2.2 Purpose and Sponsor, 

To estimate the elasticity of the age-adjusted death rate with respect 
to SSdlSl services; to detertnlne the causes of geographic vari at 1o^ In 
health, ^todel development was supported by the Ford Foundation, the 
Commonwealth Fund, and IBM Corporation. 

2.3 Scope and Subject 

The relationship of mortality of whites to medical care and environ- 
mental variables. 

2.4 Abstract 

The relationship of mortality of whites to both medical care jnj envijron- 
mSntal variables is examined in a regression analysis across states using 
1960 census data. Medical care Is alternatively measured by expenditures 
and by tJe output of a Cobb-Douglas production function combining the 
services of physicians, paramedfcal personnel, capital, and drugs. Both 
two-stage least squares and ordinary least squares estimates are pre- 
sented. Possible explanations of the absence of an expected decline 
In the age-adjusted death rate In recent years are given. 



5.9 
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2.5 Major Outputs 

Determination of age-sex adjusted death rates. 

2.6 Assumptions (a)/Constra1nts (c)/Hypotheses Ih) 

(a-l) Genetic factors either are reasonably constant across states, 
or do not vary systematically with the Independent variables, 
so that the other variables are assumed not to be Influenced 
by genetic effects on health. 

(a-2) The amount of medlcaUservlces produced In an area equals the 
amount consumed there. 

(a-3) Health Is a function of this year's medical services only. 

(a-4) The production functldn of medical services exhibits constant 
returns to scale. 

(a-5) A constant proportion of medical services Is devoted to pro- 
longing life as opposed to reducing pain or other health- 
related goals. 

(a-6) Per capita usage of medical services by whites In a state 
1$ the same as for the entire population. 

(a-7) Medical schools disseminate Information and provide continuous 
training to physicians In the community. 

(c-1) The analysis Is restricted to whites. 

(h-1) Health Is a function of the amount of medical services consumed 
In the state and certain environmental variables. 

(h-2) The quality of medical care will be higher and the technology 
more advanced In hospitals associated with .medical schools than 
in others. 



3.0 TECHNICAL DESCRIPTORS 



3J Model Type 

Regression Analysts 
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3.2 Model Characteristics 

The basic model Is a production function for health. Model I measures 
medical care by expenditures on medical care per capltaj 1 J Model 11 
aTproductlon function for medical services Is specif ed. Model I Is 
estimated by ordinary and two-stage least squares. Inear and In loga- 
rithms. Model n. which disaggregates medical services Into four com- 
ponents, number of physicians per caplt?. number of paramedical person- 
nel per capita, medical capital per capita, and prescription drug expen- 
ditures per capita, is estimated by ordinary and two-stage least squares 
in logaHthms. The following are the specific variables Included in 
each regression equation. The dependent (output) and Independent (input) 
variables are those identified in sections 3.5 and 3.4 respectively. 



Model I 



Model II 



Dependent Variable 



(1 
1 

(1 



(1) 



Independent Variables 

l2)-(ll) 

(i:)-(7). (10). (12)-(16) 



3.3 Data Utilized 

Data source for the regression was the US Bureau of the Census. 
StatiBtioal Abetraot of the United Statee, 196? t Washington. D. c. 
US Government Printing Office.- 



3. A Incut Variables 



(1) 
2 
3 

111 

7, 

:9! 

0 

11 

13 
1^ 

16 



Per cent white. 

Income. 

Education. 

Per cent of population inside standard metropolitan 

statistical areas. ^ ... 

Per cent employed in manufacturing. 

Alcohol consumption per capita. 

Cigarette consumption per capita. 

Per cent in white-collar occupations. 

Married women out of the labor force. 

Medical school presence In state. 

Expenditures on medical care per capita. 

Number of physicians per capita. 

Number of paramedical personnel per capita. 

Med,1cal capital per capita. 

Prescription drug expenditures per capita, and 

Per cent of practicing physicians in group practice, 



ERIC 
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3.5 Output Variables 

Age-sex adjusted death rate 

3.6 VeHflcatlon/ADDllcabnity/ReHabnity 

5l2*^?oJ!l^S!fe"^SJ J° estimate the model parameters was obtained f^o 
current problems <l"est1onable whether the model Is applicable l 

3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 



T.T Descriptive Title 

Patient Characteristics. Hospital Services and Length of Stay 

1.2 Developer's Name 

Ronald R. Baer. University of Minnesota 

1.3 References; 
Baer. 1971 

2.0 GENERAL DESCRIPTORS 

2.1 Development Stat us, 
Completed 

2.2 Purpose and Soonsor 

T« m«««ure the simultaneous effect on length of stay of selected patient 
SaSnstiM aS consumption of selected hospital services. tR; re- 
SSJJJh wis undertaken© fulfill requirements of the Administrative 
SchoSl of Public H^^^ Minnesota. 

2.3 Scope and Subject 

Length of hospital stay in the internal medicine service of a private, 
voluntary teaching hospital. 

2.4 Abstract. 

M..i4-4niA iM£t sauares and stepwise regression with analysis of variance 
iS Sled to mt trSpotheies concern? the relationshio of PJtiMt 
;LS5?Jiir?«tics and hoSital service utilization to length of stw^. Two 
fr^ 'p T/iooVtt^^^^^ ?f S iJlly 

h tSffSrlllSl"^^^^^^^ 

'^TlmZ Tnit aliSiohii thS second hypothesis is else iccepted. 
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2.5 Major Outputs 

Estimation of length of stay. 

2.6 Assumpt ions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) If hospital output is the treatment or resolution of a patient's 
probleiTi(s). thei. the time Involved (Ung^ of sSy) can be a 
ShMlS(s): °' ^^^'^''^^ dla^noslnglXiC^^^^^^ 

^"^^ JhlJh"J?e**lS.5'X?fi?!!S?r J^^S^'S 0^ stjy should have problems 
ShlrSrJSiKfL^^^^^"!?,*? resolve, will have different personal 
SS thSif bihllf : ^'"^ ^^^^^^ ^^'•^^"s generated 

(h-1) The following patient characteristics and consumption of the 

\\\^: 

Race, 

Living with someone or living alone, 
Employed or unemployed, 

°^ P*y^"9 hospital bill, 
?; Discharge diagnosis. 

Number of days In special care unit. 
Mode of admission to the hospital. 
Pathology Laboratory, 
Radiology, 
Nuclear medicine, 
Electrocardlology, 
Special procedures. 
Inhalation Therapy, 
Electroencephalography, 

Physical Therapy, ^ 
Medications. 

(h-2) Given that patients come to the hospital with differing deorees 
I:!'!iif'*^!"*'' characteristics and consumption o? hSsJitll 
services will not provide equal explanations of variations in 
length of stay for patients of differing degrees of Illness! 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Typ e 

Regression Analysis 
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3.2 Model Cb aracterl sties 

' r^fn« rnSlfeiSint variables, 

Regular nursing unit - 7%1gn1f1cant 1h;Jependent variables 

a.a Data Utilized 

n>f» for the study was obtained from a computer printout showing 
tftalXr?f hosJitS izatlon and Individual units of service, and 
f?oJ tS patient'? medical record, for two grouos Jf 100,P!*i;3*! n*"** 
in geSeral acute voluntary hospital of over 500 beds, located In 

Cleveland. Ohio. 

In put Variables 

Living with someone, living alofle or unreported. 
Method of payment. 
Mode of admission. 
Pathology Laboratory. 
Radiology. 
Physical Therapy.^ 

(8) SSt'54!!tt'?p?c?;i°S'rr inn (5PK1.1 Cr. unit M.d.1 only). 
^Special Care Unit variables 

\ c niit put Variables 
Length of stay 

a.fi Verlflcatlon/ApallcablH tv/Rgllabinty 

Tk« mn,(Ai <Q hasH on a single private, voluntary, teaching hospital t 
Se dJf.loWto that gewrSl Infewncs should b. .ccpMd 
cautiously. 

1 ff^m^ii^Pt^ ct^aracterl sties 
None Identified 
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1.0 IDENTIFICATION 



1 1 noscrl ptive Title 

Linear Progranriing Model to Oetemine Optimum Mix of Hospital Patients 

1.2 Developer's Names 

Helmy H. Ballgh. Danny J. Laughhunn 

1.3 References 

Baligh & Laughhunn, 1969 

2.0 GENERAL DESCRIPTORS 



2.1 Developtnent Status 

The theoretical model is developed; the parameters have not been 
estimated. 



2.2 PurPQsg and Sponsor 



To develop an economic measunj of hospital output, distingu^^ 

9 Sco pe and Subject 

Planning hospital admissions by patient equivalence class. 

2.4 Abstract 

A theoretical l|S!f 

planning admissions is constructea. ine towi i> a 

patient equivalence classes S^ ch are defined by requi fulfilling 

been estimated • 
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2.5 Major Outputs 

Number of patients to be admitted that maximizes the hospital's 
terminal output consistent with its resources and goals. 

2.6 Assumptions (a)/Constraints (c) /Hypotheses (h* 

(a-1) Each potential patient can be assigned to one of m equivalence 
classes on the basis of his "value" and his requirements for 
hospital -supplied goods and services. 

(a-2) The objective of the hospital is to maximize a weighted sum 

of the number of patients, admitted from the equivalence classes. 

(a-3) The technology of the hospital is adequately described by a 
linear relationship between outputs of services and inputs of 
resources. 

(a-4) The iquantities of some of the necessary resources are fixed 
and unalterable. 

(a-5> The time period for the analysis is fixed but arbitrary. 

(a-6) Patient admissions can be completely controlled by the hospital. 

(a-7) The requirements of all patients in an equivalence class are 
homogeneous. 

(a>8) The technology used for each good or service is independent of 
the receiving equivalence class. 

(a'9) The hospital administration places equal emphasis on the treat- 
ment of regular and indigent patients within equivalence classes. 

(c-1) Limits of technology and fixed resources. 

(c-2) Upper limit on the number of patients available for admission 
within each equivalence class. 

(c-3) Maximum constraint on aggregate budget of the hospital. 

(c-4) Lower limit on the minimum acceptable number of patients from 

each equivalence class for teaching purposes (policy constraint). 

(c-5) Prespecification of the fraction of indigent patients in each 
equivalence class which must be treated (policy constraint). 
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3..0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Linear programming \ 

3.2 Model Characteristics 

The model consists of maximization of a l^ne*!; objective function 
weighted value sum of patient classes treated) subject to five con- 
stra?nt Inequalities, a resource constraint, patient constraint, 
budgetary constraint, and two policy constraints. 

3.3 Data Utilized 

No data Is utilized. 



3.4 Input Variables 



5 



i; 

2 
3 
4 

'7 
8 
9 
0 



Patient weights. 
Prices. ^^^^^ 

Pat?ent'*restr1ctions (minimum number acceptable, total number). 

Resource limits. 

Input costs. 

Fixed costs. 

External subsidy. 

Requirements vectors. 

Technological coefficients, and 

Data on patient requirements and uses. 



3.5 Output Variables 

The optimum mix of wtients which will •wximize the JJ^fl!*^^ .jLj 
patients treated in all equivalence classes subject to the constraints 
noted In section 2.6. 



a.fi veriflcation/Aoplicabilit y/Reliabnity 



Subject to data availability, the model may be applied to hospitals for 
short-range decision planning probltms. 



3.7 Computer Characteristics. 
None identified 
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1.0 IDENTIFICATION 

1.1 Descript ive Titl e 

Prediction of Fut >iysp1tal Bed Needs 

1^2 Developer's Name 

Henri L. Beenhakker, Purdue University 

1.3 References 

Beenhakker, 1963 

2.0 GENERAL DESCRIPTORS 

g.T Development Status 
Completed 

2.2 Purpose and Sponsor 

Development of a reliable/accurate method for P»'«<»1ct1on of future 
hospltSl bed needs. Model development was sponsored by Communlly 
Hospital, Indianapolis, Indiana. 

2.3 Scope and Subject, 

Prediction of future demand for beds In the Community Hospital. 

2.4 Abstract 

The relationship between number of patients and 117 Jjctow believed 
to Influence this number was tested graphically and by ijK!/5SS?.:«r* 
slon analysis, and the factors that seemed to be of sufficient influence 
SrthrSimber'of patlenti were Included In regression «J";t1ons. Seven- 
teen multiple regression analyses were run, one for each case classi- 
fication. 
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Major Outputs 

Prediction of num^r of patltnts p«r nwnth 

2,6 Assumptions (a)/Constra1nts (c)/Hypothasai (h) 
Nona Identified 

3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 

Regression Analysis 



3.2 Model Characteristics 

7 equations, 17 dependent variable! » 22 Independent variables. 
The following are the specific variables included In each regres- 
sion equation. The dependent (output) and Independent (Input) 
variables are those Identified In sections 3.5 and 3.4 respectively. 



Dependent Variables 

(1 
2 
3 
4 

il 

7 
8 

(^ 
10 

12 
13 
14 

lis* 

16S 



Independent Variables 



11 
6 



(2). 0). (4). 



(7), ($), 



ifl.lii)! 

9] 



eh (16). (17). 

18) « 

t< (It).. 



3.3 Date Utllhed 

Data for the stud>' wii obtained from the Coinnun11;y Hospital. 
Indianapolis. Indiana* Plf^^^ieven data sets, monthly data durlna 
the period September 19S7 to M«y 1962, were available for the analysis 
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3. 4 Input Variables 



a.' 

*7 
8 
9 
(10 
11 
12 



Payment nonprivatei 
Occupancy of voluntary hospitals, 
Age group 20-29 years, 

lSt5?:ct1.ryM™^^^^ income and Income per p.tlent d«-. 
Age group 70 years and older, . 
Total number of physicians in Indianapolis, 
Number of specialists in hospital. 
Number of births in Indiana, 
Effective buying income. 
Average length of stay, 

llli teX^J/Sffir of GPS and nu^r of physicians 1n 
Indianapolis, 
Indiana population, 

lKcSl5n'*of1t;Si*1ength of stay and pjy^nt nonprivate. 
Interaction of average length of stay and effective buying 

(18) Number*of automobile accidents in Warion County, 
19) Number of 6Ps, 

JrtiracWJS^^ of stay and age group 70 years 

(22) lllte?wti5n*cf number of physicians in Indianapolis and number 
of births in Indiana. 




3,5 Output Variables 

Number of patients per month for the following classification of cases: 



V 



(2 

5 
6 
7 
8 

^\ 
(10) 

}^ 
12 

13 

14 

IS 

16 

17 



Obstetrics, 

Newborn, 

Medicine, 

Cardiology, 

Communicable, 

Dermatology, 

Neurology, 

Psychiatry, 

Surgery, 

Ear-Nose-Throat, 

Gynecology, 

Neuro'surgery, 

Ophthalmology, 

Orthopedics, 

Proctology, 

Pediatrics (children under 14 years) 
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3.6 VeHf1cat1on/App11cabnity/R>Habn^^u 

Since the model was estimated using data for a single hospital, from 
the late 1950's and early 1960'8, It Is unlikely that the model Is 
generally applicable to current problems or long-range planning. 

3.7 Computer Characterist ics 
IBM 7090 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

A Three-Equation Mod«l for the Registered Nurse Labor Market 

ij Developer's Name 

Lee Benham. Stanford University 

1.3 References 

Benham* 1970 4 1971 



2.0 GENERAL DESCRIPTORS 



g.1 Oeyelopment Status 
Completed 



2.2 Purpose and Sponsor 

To provide estimates of th<» net effects of shifts In demand, changes 
lS the cwt of substitutes, and changes In the supply of Jra "Ing fac l- 
^t^es on the market behavior of female registered nurses (RN). PhO dis- 
sertation! supported by the Ford Foundation and the University of Chicago. 



2.3 Scope and Subject 

A supply and demand model for RNs 

2.4 Abstract 



The model provides Information on the labor-market for female »'«9ls5{;;<' 
nu '-jes by specifying three equations: demand (registered nurses' median 
Incow as a function of labor force participation ^-ate, stock of 
nurses, attendant's wage rate, and per capita income), supply (labor 
force participation rate as a function of wage rate, husband $ Income, 
and number of small children), and supply-geographical Jljtrlbutlon 
(stock of nurses as a function of wage rate, husband's income, and 
nursing graduates). The parameters were estimated by three-stage 
least-squares for 1960 and 1960 data and the results compared. To 
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measure the net Impact of the exogenous variables on the endogenous 
variables, the equations were solved for the endogenous variables In 
terms of the exogenous variables, and the 1950 and 1960 coefficients 
were analyzed and compared to determine the effect of Individual 
variables on demand and supply and the changing magnitude of the 
effect. Using the estimates of the coefficients It Is possible to 
examine the Impact on this labor market of such factors as rising 
per capita Income, falling birth rates, rising Incomes of husbands 
of registered nurses. Increases In the number of substitutes for 
registered nurses, and Increases In the number of nursing schools. 

2.S Major OutDuts\ 

Esyimafes-of^medlan RN wage rate, total stock of nurses, and RN 
labor force participation rate. 



2.6 Assumptions (a)/Constra1nts fc)/Hvpotheses (h) 
Demand Side: 

(a-1) The change In wages paid to RNs w.r.t. the change In per capita 
stock of RNs In a state Is less than zero. 

(a-2) The change In wages paid to RNs w.r.t. the change In labor force 
participation rate of RNs Is less than zero. 

(a-3) The change In wages paid to RNs w.r.t. the change In per capita 
Income Is greater than zero. 

(a-4) The change In wages paid to RNs w.r.t. the change In Income of 
of practical nurses Is greater whan zero. 

(a-5) The change In wages paid to RNs w.r.t. the change In Income of 
physicians Is greater than zero. 

(a-6) The change In wages paid to RNs w.r.t. the change In Income of 
attendants Is greater than zero. 

(a-7) The change In wages paid to RNS w.r.t. the change In hospital 
beds per capita Is greater than zero. 

Supply Side: 

(a-8) The change In labor force participation rate of RNs w.r.t. the 
change- In wages paid to RNs Is greater than zero. 

(a-9) The change In labor force participation rate of RNs w.r.t. the 
change In the number of children under 5 per 1000 and women 
age 15-49 ever married by state Is less than zero. 
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(a-10) The change in labor force participation rate of RNs w.r.t. th« 
change in median annual incoines of male heads of families in 
the experienced labor force is less than zero. 

(a-ll) The chanoo in labor force participation rate of RNs w.r.t. the 
change in percentage of urbanization is greater than zero. 

(a-12) The change iti labor force participation rate of RNs w.r.t. ; 
change in mU unemployment is less than zero. 

(a-13) The change in per capita stock of RNs in a state w.r.t. the 
change in wages paid to RNs is greater than zero. 

(a-14) The change in per capita stock of RNs in a state w.r.t. the 
change in median annual incomes of male heads of families In 
the experienced labor force is greater than zero. 

(a-15) The change In per capita stock of RNs in a state w.r.t. the change 
in percentage of urbanization is greater than zero. 

(a-16) The change In per capita stock of RNs in a state w.r.t. the 
change in the number of registered nurses graduating within a 
state is greater than zero. 

(c-1) The coefficients of per capita stock of RNs in a state and 
labor force participation rate of RNs are constrained to 
be equal . 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 



Regression Analysis 

3.2 Model Characteristics 

Three major modules, a demand module which provides the. median RN 
income and two supply modules which estimate the RN labor force parti- 
cipatlon rate and the geographical distribution of RNs. The demind 
equation includes 4 independent variables i each supply equation 
Includes 3 Independent variables. 



Dependent Variables 



Independent Variables 



0)» (2 



(6 
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$♦3 Data Utilized 

Data for estimation of the model was obtained from (117), (115), and 
(140) in the Data Source Index. 



^.4 Input Variables 

(1) Per capita personal Income In state. 

(2) Median earnings of hospital and other institutional attendants 
In the experienced civilian labor force with known Income In 
state. 

(3) Median Income of male heads of families in state. 

(4) Number of children under S years of age/number of women between 
ages of 15 and 49 ever married In state. 

(5) Total graduations from schools of nursing In state ten years 
earlier per 100,000 current population In state, 

(6) Median Income of female registered nurses In the experienced 
civilian labor force In state. 

7) Total female registered nurses per 100,000 population In state. 

8) Labor force participation rate of female registered nurses In 
state. 



3.S Output Variables 

(1) Median Income of female reglsternd nurses in the experienced 
civilian labor force in state. 

(2) Total female registered nurses per 100,000 population In state, 

(3) Labor force participation rate of female registered nurses In 
state. 



3.6 Veri f icatlon/AppI Icabll Ity/Rel iabll Ity 

Since the data used to specify the parameters of the model applies 
to 1950 and 1960, and some of the data were only crude proxies for 
the desired information. It Is questionable whether the model Is 
applicable to current problems. The model Is Intended for use In 
snort-range planning. 



3.7 Computer Characteristics 
IBM 7094 computer 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Migration, Location and Remuneration of Physicians and Dentists 

1.2 Developer's Names 

I. Benham, A. Maurlzl and M. W. Reder. Stanford University 

1.3 References 

Benham, Maurlzl & Reder, 1968 

2.0 GENERAL DESCRIPTORS 



2.1 Development Statu s 

Completed and estimated with 1950 data 

2.2 Purpose and Sponsor 

To Investigate how well the distribution of the national stocks jf 
physicians and dentists among areas corresponds to the distribution 
of population, and to Investigate other factors Influencing distri- 
bution. Model development was sponsored by the Ford Foundation. 

2.3 Scope and Subject 

Number of all physicians, self-employed physicians, and dentists, 

2.4 Abstract 

The Influence of various factors on number, change In number, and 
per capita number of physicians and dentists Is^examlned by con- 
siderlno cross-sectional regressions for 1930, 1940, 1950, and 1960. 
Possible explanations for the observed regression coefficients are 
discussed. A two equation supply and demand model to determine the 
location of physicians and dentists Is developed. The findings 
suggest that physicians and dentists migrate with the effective 
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demand for their services* and that effective demand for medic 
services within a state has depended mainly upon Its population, 
and secondarily upon Its per capita Income. 

2.5 Major Outputs 

Estimates of supply of and demand for self-employed physicians. 

2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) The volume of training facilities In the state and percen- 
tage of applicants for licensure who fall the examinations 
In the state are exogenous variables. 

3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

Two equations, estimated by two-stage least squares, with 1950 

data. One dependent variable and 3 Independent variables In the 

demand equation i one dependent variable and 5 Independent variables. 
In the supply equation. 

3.3 Data Utilized 

Sources for the data utilized In the regressions Include reference 
mimbers (20), (n3), (55), (151). (59). (62), (150), (5). (140), 
(16), (25), (117), (44) und (153) In the Data Source Index. 

3.4 Input Variables 

* (1) Population of the 1^*^ state, 

* (2) Total personal Income of the I**' state, 

(3) Number of places In medical classes In the 1^^ state. 
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(4) Percentage of applicants for licensure who fail examinations 
in the i^" state, 

(5) Population In i*^ state living In urban areas of more than 
2,500 persons, and 

* (6) Average income of physicians and dentists. 

* demand equation 

Supply equation - all variables except (2) 



3.5 Output Variables 

Number of physicians and dentists in the i state. 



3.6 Ver 1 f i cati on/ Appl i cabi 1 i ty /Re 1 1 abl 1 i ty 

The model Is Internally valid, although the developers note that they 
have grave misgivings about the specification assumption that the number 
of places In medical classes In a state and the percentage of applicants 
for licensure who fall examinations are exogenous variables. Since the 
data used to estimate the parameters Is of poor quality and Is from the year 
1950, It Is unlikely that the model Is applicable to current problems. 



3.7 Computer Characteristics 



None Identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Hours of Labor Offered by the Registered Nurse 

1.2 Developer's Nanw 

Mario Bognanno, University of Iowa 

1.3 References 
Bognanno t 1969 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose end Sponsor 

To develop a separate economic decision model for the single and 
married professional nurse which explains her market^work behavior. 
PhD dissertation, supported by the US Public Health Service. 

2.3 Scope and Subject 

Houf;, per week of nursing services offered by the Individual single 
and married professional nurse. 

2.4 Abstract 

Two theoretical decision models for hours of nursing ssrvlces offered 
by married and single professional nurses are developed and tested 
using datd from a cross-sectional random safitpU of professional nurses. 
A market work-leisure choice model was used to explain hours of service 
offered by single nuriesi a more generallted model of utility maximi- 
zation was used to explain the market work behavior of mirrled nurses. 
Cross-section data Is obtained from a random temple of 2*002 Individual 
nurses In !owa for August and September. 1968. Estimates of the para- 
meters were computed by using multiple regrnslon analysis, and the 
estimated coefficients were Interpreted! 
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2«S Major Outputs 

Estimates of hours of nursing service worked per week. 

2.6 Assumptions (a)/Constra1nts (c)/Kypotheses (h) 

(a-1) Wages are determined by market forces and the Individual 
nurse's market work decision. will leave them unaffected* 

(a-2) All single and married nurses are alike In every other respect 
and all Jobs are similar, 

(a-3) The Included variables will not be biased by omitting factors 
of Individual differences In tastes. 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 
Regression Analysis 

3.2 M6de1 Characteristics 

2 equations (one for single nurses, one for married nurses), one with 
7 Independent variables, the other with 11 Independent variables. 

3.3 Data Utilized 

Data was obtained from a mall questionnaire survey of a 10 per cent 
random sample of all registered nurses who were (1) residents of Iowa, 
(2) 65 years old or under, and (3) non-members of any religious order, 
resulting In 1,273 questionnaires acceptable for analysis. 

* • 

3.4 Input Variables 

*(1) "Expected" hourly wage rate, 
*(2) Reported non^wage Ineom, 
*(3) Age of the nurie, 
*(4) Age of the nurie squired, 
*(5) Comnunlty size (under 10,000, 10,000 or more), 
^Independent variable used for single nurses 
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"^(6) and *(7) Rents dwelling unit, buying dwelling unit, or owns 
dwelling unit or room "rent free". 

(8) "Expected" or "permanent" husband's Income, 

(9) "Transitory" husband's Income, 

(10) Presence of child under 6*, no child under 6, 

(11) Number of children residing at home, and 

(12) Number of children residing at home squared. 
^Independent variable used for single nurses 

3.5 Output Variables 

Reported hours of nursing services worked per week. 

3 . 6 Verl f 1 cat 1 on/ Appl 1 cabi 1 1 ty/Rel 1 abl 1 1 ty 

Model Is Internally valid. The theoretical models are applicable to 
various populations of nurses; since the parameters of the models 
are estimated using 1968 data for nurses In Iowa, It Is questionable 
whether the specific models are generally applicable to current pro- 
blems. 

3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

A Hospital Inpatient Classification System 

1.2 Developer's Name 

Robert Connor, The Johns Hopkins University 

1.3 References 
Connor, 1960 

2.0 GENERAL DESCRIPTORS 



2.1 Peve}opinent Status 
Completed 

2.2 Purpose and Sponsor 

To examine the behavior of nursing units «nJJl<>sPi5«l5,t;j^Jl5l[;!!®'* ' 
understanding of the hospital Inpatient system. PhD dissertation, 
S!p5J?Sd by the Johns Mopklns Hospital and the US Public Health Service. 

2.3 Scope and Subject 

Development of a patient classification system and Its use for cstl- 
niatlng staffing needs. 

2. 4 Abstrac t 

A methodology to assign hospital Inpatients iJjl^^«J«;* JlJSf l!« ^ 
aeeordlna to their degree of Illness Is described. A patient's degree 
Jf iiinSfi (and therefore his need for direct nursing care) Is reflected 

bj IJgreM^^^^^ which can be <«;Srt"*V!21!.SMJ?* 

ckracterlstlcs. These primary factors were Ident fled and grouped Into 

combinations so as to form three «JJ*il!!*!:«ii!;«1Sd<Sr 
tial care, and total care. Work measurement and work sampling studies 
Im done to determine the direct patient care »*f«»u1rements jjefch jroup 
and the relationship of the direct patient ease load to the total nursing 
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work load. Implications for staffing systems are discussed, and It 
is concluded that a controlled variable staffing system has the po> 
tentlal to reduce personnel requlments and to better utilize person- 
nel than a fixed staffing system. The patient classification system 
developed in this study Is the basis of later hospital studies. 



2.6 Major Outputs 

Estimation of time spent by nurses in productive activity and a system 
for classifying hospital inpatients* 



2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 
None identified 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Regression Analysis 



3.2 Model Characteristics 

Two models, one bivariate and one trivariate, explaining 6U and B0% 
respectively of the variation in time spent in productive activity. 



3.3 Data Utili zed 

Data for the study was obtained from single-observer work sampling 
studies of medical, surgical and ophthalmological wards at the tlohns 
Hopkins Hospital during 1958 and 1959. 



3.4 Input Variables 

{"*,) Index (weighted sum of numbers of patients in each category indi- 
cating amount of direct care required per staffing period). 
(2) Number of personnel hours scheduled. 



3.5 Output Variables 

(1) Amount of time spent in productive? activity. 
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3,6 Verlflcatlon/Applicabnitv/toHabllltv 

The results of analysis of variance and t-tests used to test the 
variability of the classification scheme were accepted. The model 
Is t)f use for day-to-day staff scheduling; Its reliability Is de- 
pendent on the agreement of the direct care requirements of each 
patient category In the hospital In which the model Is being applied 
to the requirements determined In the specification of the model. 



3.7 Computer Characteristics 

Regression analyses were performed on an IBM 704. 



89 

Dl 

1.0 IDENTIFICATION 

1.1 Descriptive Title 

Demand for Health and Medical Care: An Econometric Model 

1.2 Developer's Name 

Lewis Dars, New School for Social Research 

1.3 References 
Dars, 1971 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

The theoretical models have been completed and tested empirically 
by regression analysis. 

2.2 Purpose and Sponso r 

To develop a theoretical and empirical framework for analyzing the 
demand for medical care. Model development Is part of a PhD disser- 
tation* field of Economics. 

2.3 Scope and Subject 

Demand for health and demand for medical care. 

2.4 Abstr act 

Theoretical Investment and consumption models of the demand for 
health and medical care were developed and used to make predictions 
about demand. These models were used as the framework for two emplr- 
leal models of the demand for medical carei a health Insurance model 
using time-series data and a medical care model using cross-section 
data. The health Insurance model was estimated under the assumption 
that consumers could adjust to their desired level of medical expen- 
ditures each year I and also under the assumption that a period of 
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adjustment was required. The medical care model was estimated for 
different regions and different educational groups. The modeU were 
estimated by ordinary least squares^ Indirect least squares, and two 
stage least squares, and used to test the predictions made. 



2.S Major Outpu ts 

Expenditures on medical pare, health status, insurance benefits. 



2.6 Assumptions (a)/Constra1nts (c)/Hypothesas 

(a-1) Consumers choose the optimal stock of health and the optimal 
rate of Investment In health that would maximize net earnings 
over the life cycle (investment model). 

(a-2) Marginal cost and Investment In health are positively correlated. 

^^a-3) The production function Is homogeneous to a degree less than one. 

!u>4) Out-of-pocket medical expenditures by each group was directly 
proportional to their respective populations (health Insurance 
model). 

(a-5) Health Investment production function Is homogeneous to degree 
one (health Insurance model). 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Regression Analysis 



3.2 Model Characteristics 

Health Insurance: 7 regression equations, each with 5 Independent 
variables, each estimated In 5 ways: time series regression, short 
and long run distributed lag. and short and long run distributed lag 
replacing the Income variable with consumption. Each dependent 
variable Is regressed on a11 Independent variables. 

Medical care: 3 equations with dependent variables expenditures. 
expenditures/111 health days, and health status i estimated by 
regression, reduced form regression, two stage least squares, and 
Indirect least squares, by region and education. 
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Expenditures: 33 estimating equations. For all regions each depen- 
dent variable was regressed on either Input variable (0 or (2) and 
all remaining Input variables. For regional estimation each depen- 
dent variable was regressed on Input variables (1) or (2) and var- 
iables (3)-(7). Input variable (1) was Included In 24 equations; 
variable (2) was Included In 9 equations. 

Expenditures/111 health: 9 estimating equations. For all regions 
the dependent variable was regressed on Inputs (1)* (4j-(10Ji by 
region the dependent variable was regressed on Inputs (1)» (4}-(7). 

Health Status: Same as expenditures/111 health variables. 



3.3 Data Utilized 

Data source for estimation of the models Is listed In the Data Source 
Index: (134). 



3.4 Input Variables 
Health Insurance: 



(1 
2 
3 
4 



Income* 

Price of medical care* . 
Relative price of health Insurance (lagged one period)* 
Health Insurance coverage (lagged one period)* and 
Time. 



Medical Care: 



i; 

4 

5 
6 



( 



Log of family total consumption of medical care* 
Log of average family Income* 
Log of family's health status* 
Family size* 

Education of the head of the household* 

Number of children under 18 years of age* 

Age of head of the household* 

North Central region* 

Western* and 

Southern. 



3.5 Output Variables 
Health Ii^surancet 
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Total medical expenditures* 
Uninsured expenditures* 
Insured expenditures* 
Benefits* 
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|5) Bcsnef Its/out-of-pocket expenditures* 
6 Benefits/total expenditures, and 
7) Coverage. 

Nedlcal Care: 

}) Medical care expenditures, 
2, Health status, 

,3) Expenditures/days of 111 health, region and by education of 
head. 

3.6 Ver1f1cat1on/App11cabnity/Re1 lability 

Since the data used to estimate the parameters of the models applies 
to the early 1960's, It Is questionable whether the models are appll' 
cable to current problems. 

3.7 Computer Characteristics 
None Identified 
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1,0 IDENTIFICATION 

1.1 Descriptive Title 

Econometric Model of Market for Nurses 

1.2 Developer's Natne 
Bobert T« Deane. UCLA 

1.3 References 
Deane I 1971 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 

Model is completed and tested by comparison to historical data. 

2.2 Purpose and Sponsor 

To gaherate conditional forecasts of the endogenous variables to pro- 
vide a basis for choosing among policy «lternatives, based on the r 
impact on the nurse market. Model is part of a PhD dissertation In 
the field of Economics. 

2.3 Scope and Subject 

Market for nurses in ten fields] aaneral duty nurses, directors of 
nursing service, nursing supervisors, head nurses, office nurses, 
private duty nurses. puBlic health nurses, school nurses, nurse edu- 
cators and industrial nurses. 

2. 4 Abstract 

A 126-iquatlon stock-flow model of the market for nurses. Is developed 
The model treats the nurse market as ten separate fields of nursi ngi 
ienerSl duty nurses in hospitals, directors of nursing service In 
SJSitals. nurSe iSpervisors in hospitals, head nurses fospitals. 
office nurses, school nurses, nurse educators, and industrial nurses. 
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For each of these fields, the model estimates nurse wages* employment * 
desired employment, vacancies, vacancy rates, quits, retirements and 
annual hires. In addition, total nurse employment, the nurse labor 
force, the total stock of nurses, participation rates, unemployment, 
annual graduations, entrants to nursing school, and several other 
quantities are also estimated by the model. The model was used to 
simulate the market during the period 1947-1966, and these results 
are compared to historical data. Prediction abilities of the aggregate 
variables and model sensitivity are explored through experimental 
policy tests (Introduction of Medicare and subsidy to nurse training). 
The model's performance was tested with conditional predictions for 
1967-1976 using data on the exogenous variables available in 1966. 



2.5 Major Outputs 

Prediction of the change In the labor force, desired employment of 
nurses (by field), number employed, number hired, nurse graduations, 
quits, deaths and retirements, participation rates, number of vacancies 
and vacancy rate, mean monthly wage. 



2.6 Assumptions (a)/Constra1nts (c)/Hvpotheses (h) 

(a>1) All basic nursing school programs are 3 years In length. 

(a-2) Participation rates applicable to the stocks of nurses In each 
of the six age groups are uniform. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Ty pe 

Regression analysis 



3.2 Model Characteristics 

A simultaneous block of 126 equations containing 65 Identities (true 
by definition) and 61 behavioral equations (true by assumption). Each 
equation has a unique endogenous vatiable as a dependent (output) var- 
iable. Parameters in these equations were assigned from a pHoH know- 
ledge, found through unspecified analytical procedures or determined 
by ret)ression analysis. The 126 endogenous (output) variables and 86 
exogenous (input) variables are listed In sections 3.5 and 3.4 respec- 
tively. 
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3.3 Data Utilized 

Data used to estimate the parameters and simulate the ;]jodel were ob- 
tained from (154!. (133). fll5). (152). (28). (136 , (91). (117). (126). 
(140). (14). (47). (77). (90). in the Data Source Index. 



3.4 Input Variables 



(4) 

7 
8 
9 
0 
1 
2 

hi 

15 

16 

17 

18) 

19' 

20 

21 

80 

81 

,82) 
83 

.84 
85 
86 



Median monthly wage of all females in current dollars. ^ ^ ^ 
Median monthly wage of all professional females in current dollars. 
Number of beds in nonfederal short-term general hospitals in the 

US, in thousands. ..... ^ .i 

Average daily patient census In non-federal short-term general 
hospitals in the US. in thousands. 
Dropout rate in nursing school . 
Residual adjustment dumn\y variable, 1947 « 1. 
Korean war dumn\y variable. 1950 and 1951 * 1. 
Medicare dumn\y variable. 1966 « 1. 
Annual number of female high school graduates. 
Annual mean income of physicians, in thousands of current dollars. 
Number of nonfederal physicians in private practice. 
Population of the US. in thousands. 
Index of daily hospital service charges. 1966 • 1.0. 
Consumer Price Index. 1966 ■ 1.0. 
Number of elementary school pupils, in thousands. . 
Number of secondary school pupils, in thousands. 
Slope of the general duty nurse supply curve. 
Slope of the directors of nursing service, supply curve. 
Slope of the nurse supervisors supply curve, 
Slope of the head nurses supply curve. 
.(79) Survivor rate - age 21 through 79. 
Number of beds in all hospitals, in thousands* 
Value added of manufacturing in US. in millioni of current 

dollars. . j 

Median monthly wage of public health nurses in current dollars. 
Median monthly wage of school nurses in current dollars. 
Median monthly wage of nurse educators in current dollars. 
Mean monthly wage of industrial nurses in current dollars. 
Wholesale price index. 1966 "1.0. 



3.S Output Variables 



(1) 
2 



3 



Annual change in labor forces* 
Desired •mafoymint of general duty nuries* 
01 Desired ediployinent of directors of nursing service. 
4' Deslrad employment of nursing supervisors* 

5) Desired employment of head of nurses* 

6) Desired employment of office nurses. 
" Desired employment of private duty nurses* 
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8) Desired employment of public health nurses i 

9) Desired employnient of school nurses, 
0} Desired employment of nurso educators, 

1) Desired employment of Industrial nurses, 

2) Number leaving the stock of trained nurses annually via death 
and retirement, 

|13) Number of general duty nurses employed, 

14) Number of directors of nursing service employed, 

15) Number of nursing supervisors employed, 

16) Number of head nurses employed, 

17) Number of office nurses employed, 

18) Number of private duty nurses employed, 

19) Number of public health nurses employed, 
.20) Number of school nurses employed, 

21 } Number of nurse educators employed, 

22) Number of Industrial nurses employed, 

23) Number of nurses employed by hospitals, 

24) Total number of nurses employed, 

25) Annual entrants Into nursing schools, 

26) Annual graduates from nursing schools, 

27) Number of general duty nurses hired, 

28) Number of directors of nursing service hired, 

29) Number of nursing supervisors hired, 

30) Number of head nurses hired, 

31) Number of office nurses hired, 

32) Number of private duty nurses hired, 

33) Number of public health nurses hired, 

34) Number of school nurses hired, 

35) Number of nurse educators hired, 

36) Number of Industrial nurses hired, 
Number of nurses In the labor force, 

(43) Participation rate of nurses, ages 20-24, 25-34, 35-44, 45-54, 
55-64, 65-79, 

|44) Number quitting general duty nurse positions, 

45) Number quitting director of nursing service positions, 

46) Number quitting nurse supervisor positions, 

47) Number quitting head nurse positions • 
48} Number quitting office nurse positions, 

49) Number quitting private duty nurse positions, 

50) Number quitting public health nurse positions, 

51) Number quitting school nurse positions, 

52) Number quitting nurse educator positions, 

53) Number quitting industrial nurse positions, 

54) Total quitting all nurse positions, 

|55) Total deaths and retirements from nurse employment, 

56) Number, of trairit>d nurses not in the labor force, 

i57) Deaths and retirements of general duty nurses, 

(58) Deaths and retirements of directors of nursing service, 

(59) Deaths and retirements of nurse supervisors, 
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(60) Deaths and retirements of head nurses* 

61) Deaths and retirements of office nurses* 

62) Deaths and retirements of public health nurses* 
.63) Deaths and retirements of school nurses, 

64) Deaths and retirements of nurse educators, 
65 Deaths and retirements of Industrial nurses. 
66)-(71) Number of trained nurses, ages 20-24, 25-34. 35-44, 45-54. 
55-64. 65-99, 

72) Total number of trained purses, 

73) Total desired employment of nurses, 

74) Total number of actual vacancies,. 

75) Tot'l number of effective vacancies, 
.76) Totfel number of reported vacancies, 

77) Number of unemployed nurses, . ^ ^ 

78) General duty nurse ^yacanc1es created during year, 

79 Director of nurslng^servlce vacancies created during year, 
80) Nurse supervisor vacancies created during year, 
.81 Head nurse vacancies created during year, 
82) Office nurse vacancies created during year, 
83 Private duty nurse vacancies creatied during year, 
i84 Public health nurse vacancies created during year, 
85) School nurse vacancies created during year, 
^"'^ Nurse educator vacancies created during year. 
Industrial nurse vacancies created during year. 
Equilibrium vacancy rate for general duty nurses. 
Equilibrium vacancy rate for directors of nursing service. 
Equilibrium vacancy rate for nurse supervisors,* 
Equilibrium vacancy rate for head nurses. 
Total vacancies for general duty nurses. 
Total vacancies for directors of nursing service. 
Total vacancies for nurse supervisors. 
Total vacancies fur head nurses, 
Effective vacancies for general duty nurses. 
Effective vacancies for directors of nursing service. 
Effective vacancies for nurse supervisors. 
Effective vacancies for head nurses, ^ 
Effective (total, reported) vacancies for office nurses. 
Effective total, reported) vacancies for private duty nurses, 



,86, 
87 
88 
89 
,90 

91 
92 

93 

94 

95 

96 

97 

,98 

(99 

(100 

101 

102 

103 

104, 

105: 

106 

107 

,108 

109 

•10 
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Effectlvt^ (total, reported) vacancies for public health nurses 
Effective Itotal, reported) vacancies for school nurses,. 
Effective (total reported) vacancies for nurse educators. 
Effective (total, reported) vacancies for Industrial nurses. 
Reported vacancies for general duty nurses. 
Reported vacancies for directors of nursing service. 
Reported vacancies for nurse supervisors. 
Reported vacancies for head nurses. 
Reported Vacancy rate for general duty nurses. 
Reported vacancy rate for directors of nursing service, 
Reported vacancy rate for nurse supervisors, 
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[113) 

[114 

[115 

016) 

(117) 

:118 

119 

120 

121 

!l22 

;i23] 
124 
125 
!l26j 



Reported vacancy rate for head nurses, 
Reported (total, effective) vacancy rate for office nurses, 
effective) vacancy rate for private duty 



Reported (total, 
nurses , 

Reported (total, effective) 
nurses. 

Reported (total, effective 

Reported (total, effective 

Reported (total, effective 



vacancy rate for public health 



vacancy rate for school nurses, 
vacancy rate for nurse educators, 

. . vacancy rate for industrial nurses. 

Mean monthly wage of all nurses in current dollars. 
Median monthly wage of general duty nurses in current dollars. 
Median monthly wage of directors of nursing service in current 
dollars. 

Median monthly wage of nurse supervisors in current dollars. 
Median monthly wagei. of head nurses in current dollars. 
Mean monthly wage of office nurses in current dollars. 
Median monthly wage of private duty nurses in current dollars. 



8.6 Verlflcatlon/Applicability/Rel lability 

The model was used to simulate the market during the historical period 
1947 to 1966. Two types of error statistics were calculated to com- 
pare actual data values with those simulated by the model. By excluding 
three outlying values used to estimate model parameters , the largest 
mean per cent of error was 3.6 per cent and the largest ,^ean squared 
percentage error was 27.66 per cent. The model was used to forecast 
variable values up to 1976 using the model parameter estimated with 
1966 data. The model estimates of the past 1966 "predictions" com- 
pared favorably with the actual data available. Sensitivity of the 
model to various policies and its ability to forecast future market 
values reasonably well, are .factors su,iporting the applicability of the 
model as a long Tange planning tool. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Model Predicting Population Demands for Medical Services 

1.2 Developer's Nam 

Sam A. Edwards. Health Resources Planning Unit. Texas Hospital 
Association 

1 .3 References 

Edwards. 1972 (a). 1972 (b) 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 

Under development with initial model completed. 

2.2 Purpose and Sponsor 

Provide a method for predicting the demand for medical care, a slmu- 
iSion model for measuring medical care requirements. Model develop- 
ment sponsored by the National Center for Health Services Research 
and Development. 

2.3 Scope and Subject 

Demand of a population of over S00»000 for medical care. 

2.4 Abstract 

Progress on a health services simulator und«r devtlopyijt H .^GS^jJ: 
The basic structure of the model is as followi: gopulttion demand for 
medical* services is predicted by initial visit! of niw m group} using 
multivariate regression equations. These equations use d«flM)|raphic, 
eMnofflicl and social factors and existing health »*wurcei o? the popu- 
lation The simulation model processes by age flj^Jups^the transitions 
of patients between levels of care, recovery. «ndiMth by classification 
of conditions based upon morbidity. Resource utiliiatien is metched to 
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the level and duration of care. The model now has tha capability to 
predict the demand for medical care for a standard metropolitan sta- 
tistical area of one-half million population, and to estimate the 
demand characteristics for medical care generated by a given popula- 
tion In terms of level of care, duration, and disposition for the 
majority of the population. 



g.S Major Outputs 

Prediction of demand for medical care - type and number of 
visits, admissions, costs and personnel requirements by care 
categories, births and deaths. 



2.6 Assumptions (a)/Constra1nts fcVHypotheses (h) 
None Identified 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Regression analysis and simulation 



3.2 Model Characteristics 

Insufficient Information In this report to determine 
characteristics. 



3.3 Data Utilized 

Annual estimates of Initial visits to private physicians were 
obtained from reference (60) In the Data Source Index. 



3.4 Input Variables 

1) Physicians per 1000 population, 

2) Short-term general and other special hospital beds/ 
1000 population, 

(3) Public expenditures for health and hospitals spent by 
state and local governments per person. 
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(4) Percent of the families with annual cash income less than 
$7000, 

(5) Percent of the families with annual cash income between 
$7000 - 10,000, 

(6) Percent of the families with annual cash income greater 
than $10,000, 
Household income. 
Per capita income. 

Percent of the population under 65 years old with insurance. 
Percent of the population living in a metropolitan area. 
Average household size. 
Percent of the population aged 0-17, 
Percent of the population aged 18-44, 
Percent of the population aged 45-64, 
Percent of the population aged 65 and older, and 
Average price of an initial visit by a general practitioner. 

3.S Output Variables 

1} Outpatient initial visits, 

2} Subsequent visits, 

3) Visits subsequent to inpatient Care,, 

4) Total visits, . ^ 

5) Short-term inpatient admissions, 
,6) Patient days (with and without surgery), 
7) Patient days intensive care. 

Inpatient operations, , , , ^ » 
Average length of stay (with and without surgery). 
Dispositions - discharge, death, and transfer to other levels 
of care. 

Long term care admissions. 
Patient days. 
Average length of stay. 
Dispositions, 
Vital statistics - birth, 
Hospital non-surgical deaths. 
Hospital surgical deaths* 
Nursing home deaths, . , , 

Neonatal, infant and maternal deaths. 
Other deaths , . ^ ■ 

Annual health system costs by care category* 
Nursing personnel requirement by care category - surgical , 
medical, pediatric, obstetrical, etc., and . . . 
(23) Hospital cost and personnel use by hospital administrative 
services categories. 



'8 
(10) 



(11 
12 
13 

15) 

16 

17 

18 

19 

20 

21 

22 
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3.6 VeHflc atlon/Apol laabll Itv/Rel lablUty 

Insufficient Information Is provided In the above references to 
determine iiiodel valldUy. Pirts of the model have been tested 
iM^'JjMi and 1969. with an iJerage 

fn7L*LJ5M^ The model appears to be useful 



for long-range planning, 

3.7 Computer Cha iraetftH«»4ffj: 
None Identified 
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1.0. IDENTIFICATION 



1.1 Descriptive Title 

Distribution of Physicians in an Urban Area 

1.2 Developer's Names 

David Elesh, Paul T. Schollaert, Joanne Lazarz, The University 
of Wisconsin 

1.3 References 

Elesh and Schollaert, 1972; Elesh and Lazarz. 1972 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To further the analysis of the distribution of Physicians In 
urban areas. Model development sponsored by the Office of Economic 
Opportunity. 

2.3 Scope and Subject 

Geographic distribution of full-time, private practice physicians 
(GPs and specialists) within two urban areas, Chicago and Detroit. 

2.4 Abstract 

A demand-supply model for the distribution of private physicians 
within a clity is developed. Eight factors. 4 affecting demand and 
4 affecting supply, are Included; population, 4 population compo- 
sition factors. anS 3 ecological factors. The supply or spatial 
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distribution of physicians Is taken to be a function of the 
demand for their services and environmental factors which facili- 
tate or limit the supply. The model Is applied to full-time, 
private practice specialists and general practitioners In Chicago 
and Detroit In 1960. 

2.5 Major Outp uts 

Number of all physicians, CPs, and specialists within an urban area. 

2.6 Assumptions (a)/Constra1nts (cWHvpotheses (h) 

(c) The study Is limited to full-time, private practice physicians 
age 70 or less. 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

The two versions of the Chicago model each relate 3 dependent variables 
to the 8 Independent variables. There are four versions of the 
Detroit model: each version consists of 3 equations, each equation 
relates the dependent variable to 8, 9, or 10 Independent variables 
depending on the version of the model. 

3.3 Data Utilized 

Data on the 2461 physicians Included In the Detroit studly and 4208 
physicians In the Chicago study, and on the other variables, was 
obtained from the Chioago Land Uee Mapt Chicago Plan Connlsslon, 
1961, the Southern Michigan Council of Governments, Detroit Regional 
Transportation and Land Use Study Report: "A Profile of Developed 
Land: 1965 Land Use," the directory of the American Hospital 
Association, and from numbers (16) and (119) In the Data Source Index. 
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3. A Input Variables 

Population of the census tract. 
Per cent of tract's population 25 years old or o der. 
?Tr cent of tract's population 25 years old or older 
with At least a high school education» 
PefcSnt of tract families with $6,000 or more annual 
income ($10,000 or more in revised versions), 

rrtnWSia'l M*o{ed to c««ercial use, 
Whethl? the Tact is black (at least 90« of the popu- 
lation is black) or white (otherwise). 
Whether the tract is a central business district tract. 
Number of hospitals ^nj^jacent tracts, and 
Race and adjacent hospital interaction term. 

All variables are included in the final version of the Detroit models. 
Variables marked * are included in the Chicago model. 

a.R Output Variables 

(1) Number of all physicians with office location in the 

(2) nS ofleSeral Practitioners (defined as al^ who 
call themselves general P'^actitioners, internists. 
Sbstetrioian-gynecologists, or pediatric ans, and 

(3> Number of specialists (all other specialists). 

a.fi Verific*Hnn/App1icabi iitv/Re1iabilit7_ 

3.7 Comp"»g»' Characteristics, 
None identified. 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

An Aggregate Planning Model of the Health Care Sector 

1.2 Developer's Name 

Martin S. Feldsteln. Harvard University 

1.3 References 
Feldsteln, 1967 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 

Developer notes that the model Is "too crude to be of practical use". 

2.2 Purpose and Sponsor 

To study the relation between supply and demand for hospital inpatie^ 
care on the basis of crbss-sectional Information for Individual states 
for 1960. The project sponsor is not Identified. 

2.3 Scope and Subject 

Demand for and supply of hospital ^nPlV!!!!.;;??;*!"*'^"^^"^ 
equations for general practitioners and specialists. 

2.4 Abstract 

The concepts and uses of a fully-developed econometric njodjl oj 
i2!i5h SSi%!etor are explained in terms of a six-equation model 

estimated by two-stage jMSt-squares. "JdJie yfJ^SJ? 
analyzed as a guide to interpretation of the »*sult$. The "»fiei is 
JsSd^fS JSnditiiSal forecasting, predicting policy Jj^wts. alter- 
ing information, and making planning decisions. It is concluded that 
with additional data, an econometric health sector model could pro- 
vide a useful framework for conditional prediction planning. 
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2tS Ma joy Outputs 

Prediction of numbers of GPs. medical specialists, available hospital 
beds, admissions, duration of stay, and numbers of persons with health 
insurance* 

2.^ Assumptions (aWConstralnts (c) /Hypotheses 

(a-1) All equations in the model assumed to be linear in the logarithms 
Of the variables • 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

6 equations, 6 dependent variables, 8 independent variables. The 
following are the specific variables included in each regression equa- 

J''! dependent (output) and independent (input) variables are those 
identified in sections 3.5 and 3.4 respectively. 

Dependent Variables Independent Variables 

0) 0). (5), (6), (7) 

(2) (1), (2), (6) 

(3) (1). (3). (4), (6), (6) 

0). (2), (3). (4), (6), (7) 

(5) (4), (5), (7), (8) 

(6) (1). (2). (4). (7). (8) 

3.3 Data Utilized 

Sources of the data utilized in the regressions are listed in the Data 
Source Index: (10), (11), (52), (115), (146), (14). 
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Input Variables 

(1) Past values of number of persons with health Insurance, 

(2) Past values of number of general practitioners, 

(3) Past values of number of medical specialists, 

(4) Past values of number of available short-term general hospital beds, 

(5) Percentage of persons aged 65 and above, 

(6) Percentage of families with Incomes below $2,000, 

(7) Percentage of persons living In urban communities, and 

(8) Percentage of married females In the population 

3.5 Output Variables 

(1) Number of persons with health Insurance, 

(2) Number of general pra'/cUl oners, 

(3) Number of medical specialists, 

(4) .Number of available short-term general hospital beds, 

(5) NLflber of admissions, and 

(6) Mean duration of stay per case. 

vfi Verif 1cat1ff m,Virr' 4.;.MH ty/Rel labll ity 

The developer notes that before the "'jdeMs^operatlo^^^^^^^^^^ 

measurement of variables should be Improved. 

3.7 ComPUtP ** Characteristics 
None Identified 
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F2 

1.0 IDENTIFICATION 



1.1 Descriptive Title 

The Rising Price of Physician's Services 

1.9 pgy^'irtper's Name 

Martin S. Feldstein. Harvard University 

1 .3 References 
Feldstein, 1970 

2.0 GENERAL DESCRIPTORS 



g .1 Development Status 

Preliminary; based on a relatively small sawpU of tflgregate data. 

2.2 Purpos* and Sponsor 

To improve understanding of the Pacing jjd suppl^y of pf«;s^^ 
iJrvices. Hode] devtlopment was goSSSS^jy 
for Health Sarvices ReKtarch and Development. 

2.3 Scope and Subject 

Model of the supply of physicians and the pricing of phyiiciaps' 
services. 

2.4 Abstract 
prevails. 
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2»5 Major Outputs 

Indices of supply «nd price of private physicians' services 

2.6 Assumpt ions (a)/Constra1nts (cVHypotheses (h) 
(a-1 ) Patients are assumed to be price takers. 

:.0 TECHNICAL DESCRIPTORS 



3.1 Wodel Type 
Regression Analysis 

3.2 Model Characteristics 

22 equations (4 demand, 9 price and 9 supply equations) with 3 
dependent variables, 12 Independent variables. 

The following are the specific variables Included In each regres- 
sion equation. The Independent and dependent variables are those 
identified in the Input and output lists, sections 3.4 and 3.5. 



Demand Equations 
2 each 

Price Equations 



Dependent Variables 

ill 

2 equations 



Independent Variables 



Supply Equations 



2 equations 

3 equations 
2 equations 
2 equations 
2 equations 



f 

2 



3) 
3 

ill 



2) 



. 3 . 

, 13 
. (3 
3 
5 



8) 

8 

8 

8 




)/(7).(lO) 

(2). (8). J5). (11). (12V, (4) 
2 * 5* (11), (12), (4 

? • 5 • 11).; 12). .(8 .(9). 



4). (8), ( 



1). 02] 



(4) 



3.3 Data Utilized 



Sources of the data utilized In the regressions are listed In the 

ffij2.?Xf UhSi'?*!!!!!i?r;.ni>* (!40),''(S3), (se), and also InclSde 
vureau of Labor Statistics Interviews with physicians. 
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a. A inout Variables 



i 

4} 
[5 
6 

12) 



Net price Index* 
Cost of other goods, 

KLTt 'p'rSlltllr.f'A.dlc.l services per cplf. 

Time, ^ ^ ^ 
Average price Index, 

qSw Sf t;;!rtt'(P«r.«<Hc.l personnel, supplies, etc.). 

K ;.Si;Tsml'c« provided per physlclen. 

Average fee, and 
Reference Income. 



Out put Variables 

(1) Index of private physicians' services per capita, 

(2) Index of averuge price of private physicians' services, and 

(3) Index of services provided per private practice physician. 

. A vpH f icatlo n/^rr^ <^*hin tv/Rellabil 1t> 



The data used to estltnate the parameters applies to the y^JJ 1 

^plI^SuM^^^ respeclflcatlon of the per- 

ameters. 



3.7 Compute *' Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

An Econometric Model of the Medicare System 

1.2 Developer's .Name. 

Martin S. Feldsteln. Harvard University 

1.3 References 
Feldsteln, 1971 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Ccmpleted 



2.2 Purpose and Sponsor 

To contribute to the development of an overall model of the health 
Sr^ sector by presenting a system of equations "J jn the alio- 
raH on of health care resources under Medicare. Model development was 
SuSpSrtSd bj thS NJtlonil Center for Health Services Research and Develop- 



ment. 



g.a Scope and Subject 

Aggregate model of use and benefits received under Medicare. 

2. A I Abstract 

' ftearesslon model deiscrlbes Interstate variations In proportion of 
SrSlllef^lth supp ementary Insurance, hospital and extended care 
admission rates per thousand enrollees. and average l«vels of hos- 
pital and medica? Insurance benefits. Equations i^*';"* '";*^^^^ 
5 two-stage least-squaresprpcadure using data from annual r^ 
of the Medicare program. July . 1966 to June 30. 1968. The reduced 
form of the equations are obtained and the results analyzed. 
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■2« S_ Major Outputs 

!f variation in use and benefits under Medicare in terms 

of demographic and economic characteristics of the pooulation. state 
health policy variables, and characteristics of locSv health care 
sys 16111 • 

2.6 Assump tions (a)/Constraints fcyHvpotheses (h) 

(a-1) All equations specified to be linear in the logarithms of 
the original variables. 

^^"^^ «l"i!l?fJ""J^ political decision explained in terms 

finance? ^*''^*'>les and characteristics of state government 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Tvne 
Regression Analysis 

3.2 Model Characteristics 

? X^}Sll J^y^^ch are reduced form), 16 independent variables, 
LJiSSli®?* variables. The following are the specific variables 
included in each regression equation. The dependent (output) and in- 
dependent ( nput) variables are those identified in sections 3.6 and 



Dependent Variables 
(1) 



S 
6) 

0) 

(4) 

(S) 



Independent Variables 



.8 

(9) 

(12 



» (3), (16) 
• (3). (11) 



1 . 3 , 2 . 4 . 5 . 7) 
? , 10. (11) 

13 . (8 , 9 , 1) 

14 . !l5 . 8 . (9). (1, 

y?Ni?(i?v' 

3i (6 . (12). (8). (13). 

.JShJsh (14). (1). (2). 

(^) |)! 2)! ( (1.). 
(11)i (8), (13). 
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3.3 Data Utilized 

Data on Medicare Is published in the annual repom of the Madlcare 
program. 



3. 4 Input Variables 



(1 

2 
3 
(4 

S) 
6 

7 

8 

(9 
10 
11 



\ 

(12) 

ill! 



Proportion of enrollees who are white. 
Proportion living In cities of over 100.000 Population. 
Proportion of population over 75 relative to those over 65. 
Proportion of population under 65 with nedlcal and surgical 

Insurance. ■ ^ ^ ^ 

Median per capita Income In the state. 

Proportion of males among those over 65. 

Proportion of Medicare enrollees not bought In by the government. 

Per capita availability of short-term general hospital beds. 

Number of private practice physicians per capita. 

Pef"caplS state^and local welfare expenditures on health care 

for the aged In the pre-Medlcare period. 

Number of months dur?ng the period that the state participated 

In Medlcareo ^ , ^ 

Number of extended care beds per enfoH;;* . . .^^ 
Average cost per patient day for all patients In short-term 
general hospitals, 

Hospital admissions per enrol lee, and 

Extended care admissions per hospital admission. 



a.s Output Variables 



(1 

f 

5 



Proportion of enrollees with supplementary Insurance, 

Hospital admissions per enrol lee. 

Extended care admissions per hospital admission. 

Hospital Insurance benefits per hospital episode, 

sSwleSntarrbenefirper en^ supplementary Insurance, 

Hospital Insurance benefits per enrol lee, and 

Supplementary Insurance benefits per enrollee. 



3.6 Verlflcatlon/ABPHeabnl tv/RflHabintv 

The applicability of the model Is dependent on the {PPllJjJ^H^y 9^ 
1967 data used to estimate the model parameters of Interest to the 
potential users of the model. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descrip tive TU1« 

EconcHMtrlc Model for Forecstlw «A Policy Ev.lu.t1o« In the Dentil 

Sector 

1.2 Developer's Name 

Paul J. Feldstein, University of Michigan 

i.a References 

p. Feldstein, 1972 

2.0 GENERAL DESCRIPTORS 



'i.1 Development Status, 

Theoretically specified with preliminary empirical estimation of 
certain parameters. 

2.2 Purpos e ani^ Sponsor 

Sent luppSrtSd 5 the US Public Health Service. 

2.3 Scope and Subject 

is«Mcrtn.!'^^^ 

dental care. 

2.4 Abstract. 
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and pricing are explored and used to determine the costs and benefits 
of alternative policies. A model of the dental sector was developed 
to evaluate policies and to m»ke predictions for the dental care 
market In 1975. Econometric mcleling techniques used are compared 
to dentist-population ratio analysis. 



2.5 Major Outouts 

Prediction of dental prices,, utilization, total dental expenditures 
and dentists' Incomes. 



2.6 Assumptions faWConstralnts fcVHvpotheses (h) 

(c-1) Number of dental school entrants is equal to dental school spaces. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Regression Analysis 



3.2 Model Characteristics 

This Is an econometric model consisting of two levels, dental visits and 
dental manpower training facilities. The model Is made up of thirteen 
equations, one of which Is a production function previously estlniated 
by A. Maurlzli four of these equations are also estimated In logarithms. 
Nineteen variables are Included In the model. 



3. 3 Data I'tf1l2ed 

Sources for the data utilized include numbers (4), (117), (6) In the 
Data Source Index and various Department of Health, Education and 
Welfare, Public Health Service Publications. 



3.4 Input Variables 

(1) Priqe per dental visit » 

(2) . Per capita personal Income, 

(3) Dentists per 1000 population. 
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(4) Number of dentists in the previous year; change in stock, 

(5) Dental school graduates per 1000 population, 

(6) Dentists dying or retiring per 1000 population. 

(7) Dental school dropouts per 1000 population, 

(8) First year dental school students per 1000 population four years 
ago, 

(9) Dental school spaces per 1000 population, 

(10) Additions to dental school spaces per 1000 population, 

(11) Construction subsidy funds, 

(12) Matching construction funds, 

(13) Civilian population, 

(14) , Number of full-time auxiliaries employed by a dentist, 

(15) Number of annual hours. work by a dentist, and 

(16) Number of chairs in the office. 

fkjt flut put Variables 

(1) Demand for dental visits per 1000 population, 

(2) Supply of dental visits .per 1000 population, 

(3) Price per denta! visit, 

(4) Number of dentists per thousand population, 

(5) Number of dental school spaces per 1000 population, 

(6) Additions to dental school spaces per 1000 population, 

(7) Annual patient visits per dentist, and 

(8) Dental visit! per 1000 population. 
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3.6 Verif Icatlon/Appi 1cab111ty/Re1 labll 1 tv 

The model Is Intended for long-range planning and has three basic uses, 
estimation of dental utilization and prices* evaluation of alter- 
native policies, and Indication of future research areas. The model 
utilizes recent data In a forecast to 1975; however, the developer 
states that results based on the model should be considered as ten- 
tative due to the unavailability of some data. 

3.7 Computer Characteristics 
None Identified . 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

An Econometric Model of Medical Care Sector 

1.2 Developer's Names 

Paul J. Feldstein, University of Michigan* and Sander Ke1man» Cornell 
University 

1 .3 References 

Feldstein & Kelman 1972, Klarman 1970 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To describe the interrelationships of the medical care sector and 
to illustrate the possible impacts of various public PoUclM on 
the provision of medical care, its components, tht^ price level, and 
the level and character of employment. Model development supported by 
the US Public Health Service. 

2.3 Scope and Subject 

The market for medical care (supply of and demand JO'' s«jv1ce$ of 
hospitals, nursing homes, out-patient clinics, <'octoj* 
and patients* homesi derived demand for and supply of physicians, 
nurses, and paramedical personnel). 

2.4 Abstract 

A three level model of the medical care sector was specified} an iden- 
tity expressing the value of medical care rendered as the sum of the 
values of medical care provided In each of the ^Mve institutional 
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settings which provide medical care; an analysis of the supply and 
demand for the services of these Institutions; and the derived demand 
for and supplies of health manpower. The parameters of the equations 
were determined* and the regression equations and coefficients were 
constructed. Applications of the imdel were used to Illustrate Its 
usefulness for policy and planning analysis. A national health 
Insurance program was simulated and Its effects on medical care 
expenditures* the price of medical care* price and utilization changes* 
and the derived demand for health manpower were examined. A program 
of subsidies to medical schools was also simulated, and Its effects 
seen on the additional number of physicians* use of other medical 
personnel* changes In the price for each Institutional setting* changes 
In utilization* and total expenditures for medical care. 

2.5 Major Outputs 

Total cost of medical care and Laspeyres Medical Care Price Index 
(1960 - 1.00). 



2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 



(a-1 
(a«2 

(a-3 

(a-4 
(a-5 

(a-6 

(a.7 
(a-8 

(a-9 
(a-10 



The distribution of Illnesses remains constant. 

The relative Instltutlon-^^aclflc productivities In treating 
these Illnesses remains corstant. 

Administrators set prices so as to cover expected average 
costs. 

There Is proportionality between stocks and services. 

There Is a neo-classical production function for the supply 
of doctor's office visits. 

For doctor's offlte visits there art* constant returns to 
scale and equal output slastlclties. 

Demand for home care is an Inferior good. 

The nurse spends 1/iO of her weekly efforts for each home 
visit. 

For health manpower no Individual Input otagory constitutes 
a suttitantial portion of the totttl cost of any output; all 
outnijt elasticiti(is fire equal. 

The vteekly hours of nurses anc* pamtedtcal personnel are 
fixed and the saire. 
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(a-11) The capacity constraint of medical schools will be effec- 
tive for at least the next decade. 

(a-12) The AMA assumes a 0.2% annual increase in the number of 

physicians to be accounted for by foreign medicai graduates. 

(a-13) The average cost of expanding the capacity of medical 
schools is $30,000 per entering student. 

(a-14) Deaths and retirements from the stock of practicing 

physicians are proportional to the stock of practicing 
physicians. 

(a-15) All equations are linear. 

(a-16) For the subsidy simulation the constraint to increases in 
the stock of physicians is the medical education sector. 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

A forty-five linear equation model concerned with: 

(1) The market for care by nursing hemes, doctor's o^^Jce visits, 
outpatient visits, home care and short term general hospitals. 

(2) The market for services provided by professional nurses and 
practicing clinical physicians. The outputs or endogenous 
variables of these equations provide the independent variables 
for two aggregate equations which specify the total cost of 
medical care and Laspeyres Medical Care Price Index. 

a. 3 Data Utilized 

Data on input (exogenous) variables listed in section 3.4 to 
determine regression coefficients. 
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3«4 Tnput Variables 

(Exogenous Variables) 



\\\ 
\l 

(5) 
(6) 

\l\ 

(9) 



(10) 

(11 
12 
13 

15 
16 

M 
09] 

(20 

21 
22 

23 

24 

2S 

27 
28 
29 
30 
31 
32 

(33) 

34 

35 
(36 

(3/) 



Proportion of population over 65 years of age. 
Average size of short-term hospitals (In beds), 
Average size of nursing homes » 
Increase In the number of non-practicing physicians per 
thousand population! 

Number of female high school graduates per thousand population 
three years previously! 

Proportion of population with Insurance to cover doctor's office 

ViSltSt 

Proportion of population covered by hospitalization Insurance, 
Proportion of population covered by Insurance defraying the costs 
Of home caret 

Proportion of population over 65 years of age covered by nuv"s1ng 
home InsurancOt 

Proportion of population covered by Insurance for outpatient 
visltst 

Average lifetime of hospital physical .asset&t In yearSt 

Proportion of females 14 years of age and older who are married* 

Proportion of females 65 years of age. and older who are married* 

Short-term hospital service mix* 

Construction cost Index* 

Price of a day of nursing home cere* 

Thousand population 65 years of age and over* 

Thousand population* 

Weekly social security retirement benefits to retired female 
workers* 

Proportion of employed registered nurses over 60 years of age* 

Number of public school children per thousand population* 

Ntrsing school scholarships Sn proportion to tuition covered* 

Proportion of population 14 years of age or older who are male* 

Proportlori of nurses who are married and under 40 years of 9ge* 

Federal susldles to aid medical school construction. 

Proportion of population living In urban areas* 

Weekly Income of physicians practicing In foreign countries* 

Weekly Income of retail trade personnel • 

Average weekly Income of school teachers* 

Public assistance for medical purposes per capita* 

Median family Income* 

Number of doctor office visits per thousand population per year: 
lagged one year* 
Constant of 10*000* 

Days of home care received per thousand population: lagged one year* 
Contribution of the medical care sector to the GNP: lagged one year* 
Number of practicing physicians per thousand population: lagged 
one year* 

Number of first-year medical school spaces per thousand population: 
lagged one year* 
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(38) 
(39) 
40) 
(41) 

(42) 

(45] 
46 
47 
48] 
49) 
50) 



Number of first-year medical school entrants: lagged four years, 
Outpatient visits per thousand population: lagged one year, 
Hospital patient days per thousand population: lagged one year, 
Nursing home patient days per thousand population over 65: 
lagged one year. 

Stock of hospital beds per thousand population: lagged ten years. 
Stock of trained nurses per thousand population: lagged one year. 
Stock of nursing home beds per thousand population over age 65: 
lagged five yenrs. 
Consumer price Index, 
Average family size. 

Average size of nursing homes: lagged five years. 

Average size of short-term hospitals (In beds): lagged ten years. 

Civilian resident population (In thousands): lagged one year. 

Civilian resident population over 65 years of age (In thousands): 

lagged one year. 

Constant of 1,000, 

Weekly Incoirie of nurses In Canada. 



3.5 Output Variables 

(Endogenous Variables) 



(1) 
(2) 
(3) 

\tl 
(!?: 

13) 
14 

16! 
17 
18 

20 

21. 

22) 



Desired stock of nursing home beds per thousand population over 
65 years of age. 

Stock of nursing home beds per thousand population over 65 years 
of age. 

Shortage of nursing home beds per thousand population over 65 
years of age. 

Occupancy rate In nursing homes, 

Nursing home patient days per thousand population over 65 years 
of age. 

Number of doctor office visits per thousand population per year, 
Number of physicians with a hospital practice per thousand popu- 
lation (Interns, residents, and hospital staff physicians). 
Number of physicians with a private practice per thousand populatloi 
Price per doctor office visit. 
Number of outpatient visits per thousand population, . 
Price of an outpatient visit. 
Days of home care received per thousand population. 
Price of a day of home care. 
Number of employed nurses per thousand population. 
Weekly Income of nurses. 

Proportion of the stock of nurses actively employed as nurses. 
Stock of trained professional nurses per thousand population. 
Increase In the stock of nurses per tnpusand population. 
Number of nursing school graduates per thousand population. 
Net Immigration of foreign trained nurses per thousand population. 
Number of nurses retiring or dying per thousand population, 
Annual hours of patient care by practicing physicians per thousand 
population, 
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23) Weekly Income of practicing physicians* 

24) Annual hours of patient car® by practicing physicians per 
physician* 

25) Number of practicing physicians per thousand population* 

26) Increase In number of practicing physicians per thousand 
population* 

27) Number of medical school graduates per thousand population* 

28) Number of dropouts per thousand population from the medical school 
class entering, four years previously* 

|29) In-flow of foreign medical school graduates per thousand population* 
30 Number of first year medical school entrants per thousand population* 
,31) Number of first year medical school spaces per thousand population, 
32) Increase In the number of first year medical school spaces per 

thousand population* 
(33) Number of practicing physicians per thousand population having 

retired or died*/ 

|34) Number of emplo/ed paramedical personnel per thousand population* 
,35) Weekly Income of paramedical personnel * 
,36, Desired stock of hospital beds per thousand population* 
37, Stock of hospital beds per thousand population. 
38) Construction and equipment cost per bed of US non-federal short- 
term general and other hospitals* 

(39) Current undepreciated value of hospital fixed assets* 

(40) Total depreciation charges per year in US non-federal short-term 
general and other special hospitals* 

(41) Shortage of hospital beds per thousand population* 

(42) Hospital charge per patient day plus separate billings by physicians 
and surgeons* 

(43) Hospital charge per patient day* 

(44) Occupancy rate per non-federal short-term general and other special 
hospitals* 

(45) Hospital patient days per thousand population* 

(46) Contribution of the medical care sector to the 6NP (In millions of 
dollars)* 

(47) Laspeyres Medical Care Price Index (1960 « 1.00). 



3.6 Verif Icatlon/Appi Icabll 1 tv/Rel labi 1 1 tv 

Quasi verification of the model was performed by using 1960 data on In- 
put parameters to predict 1965 values of the outputs and comparing these 
values to actual data. Since the model coefficients were constructed 
using 1960 and 1965 data* the acceptability of this test is questloneble 
subject to a valid verification of the model. The model should be appli- 
cable to long-range planning* 



3.7 Computer Characteristic s 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

A Language to Aid in Manpower Planning 

1.2 Developer's Name 

Robert B. Fetter and Ronald E. Miles, Peter Associates, Inc. 

1.3 References 

Fetter & Miles, Undated 

2.0 GENERAL DESCRIPTORS 



2.1 Development Sta tus 
Completed 



2.2 Purpose and Sponsor 

Study of the application of the Conversational Modeling t«n9"«geJCML) 
S health inanpower modeling, intended to Jl ow t e user to specify the 
kinds of information needed in a way which Is natural In the context 
of the problem. Model development supported by the US Public Health 
Service. 

2.3 Sco pe and Subject 

Application of general modeling strategy to health manpower training 
programs, health manpower types, and health care methods and demands. 

2.4 Abstract 

A system resulting from the application of the CML modeling strategy to 
health manpower modeling Is described. The model Is formulated as a 
linear program In which the basic activities (decision variables) are 
the number of units of each specified health service (method or vector 
of manpower used) in any model year (period). Implementation of the 
model is described In two parts} the syntax of the program language 
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used Is given, followed by the operating Instructions necessary to 
check and Implanent the model's specification either by simulation 
or by the solution to the mathematical program* 

2.5 Major Outputs 

Optimal values of the model variables, to minimize a discounted, 
weighted sum of the amount of care of each type not delivered over 
the horizon specified. 

2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 

(c-1) Total students In all program years Is less than or equal to 
the given capacity. 

(c-2) There are. upper and lower bounds on matriculants as desired. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Linear programnlng 

3.2 Model Characteristics 

The model consists of an objective function, 6 equation types, and 3 
constraint Inequality types and Includes 23 types of Input variables. 

3. 3 Data Utilized 

An example model Is given using hypothetical data. 

3.4 Input variables 

(1) Units of service of type h delivered by method g In year t, 

(2) Units of manpower k required to deliver service of type h by 
method g In year t, 

3) Available manpower of type k In year t, 
4 Manpower of type k not utilized In year t, 
S) Units of service h demanded In year t. 
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(6) Units of service h not delivered In year t* 

(7) Students In year j of training program 1 In year t, 

(8) Matriculants (first year students) In training program 1 In year t, 

(9) Graduates of training programs who enter manpower pool k In year t, 

(10) Transfer rate of students from training program 1, program year j 
Into training program r In program year j' In model year t, 

(11) Drop rate In training program 1 In program year j In model year t, 

(12) Proportion of students In year j of program 1 who enter manpower 
pool k In year t, . . . 

(13) Faculty-student ratio for manpower type k In training program 1 
, In year t, 

14) Amount of manpower k who are faculty In year t, 

15) Proportion of manpower k who do not deliver health care In year t, 
16, Migration rate from manpower pool k in year t, 

17; Capacity of training program 1 In year t» 

'18) Excess capacity of training program 1 In year t> 

19) Lower bound on matriculants of program 1 In yeat' t, 

20) Upper bound on matriculants of program 1 In year t* 

'21) Discount rate* » >. 

22) Relative value of health service h, and 

23) Length of program 1 . 

3.5 Output Variables 

Values of the Input variables which minimize a discounted, weighted sum 
of the amount of care of each type not delivered over the horizon speci- 
fied. 

3.6 VeHf Icatlon/Appl Icabll Itv/Rel labll Ity 

No verification studies have been performed. 

3.7 Coniputftr Characteristics 

Language: CML (Conversational Modeling Language) and MPPL (Manpower 
Planning Language). Machine: IBM MPS/360. 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Demand for Hospital Services 

1.2 Developer's Name 

J. M, Fitzmauricej University of Maryland 

1.3 References 
Fitzmaurice, 1972 



2.0 GENERAL DESCRIPTORS. 



^.l Development Status 

Model is completed and its hypothesized relationships tested for 
the period 1965-68 

2. 2 Purpose and Sponsor ' 

Explanation of the variation in the consumption of hospital patient 
days of care among communities, to provide insight into the areas of 
planning, social policy, substitution, and price senstivity. Model 
is' part of a PhD dissertation, field of Economics. 

2.2 Scope and subject 

Demand for <»nd supply of short term general, nonprofit hospital patient 
days among Maryland communities, tested at the county level of aggre- 
gation. 

2.4 Abstract 

A model is developed which relatas patient days consumed per 1000 com- 
munity population to variables measuring economic and socio-demogrophic 
characteristics and the availability of alternative sources for ma^Jical 
care in each community. The model is empirically estimated by ordinary 
least-squares regression for the time period 1966-1968. Two forms of 
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the basic model are estimated} Model I Includes the Medicare and Medi- 
caid variables and Is estimated for 1967-68. while Model V omits the 
Mfidlcare and Medicaid variables but Includes a pro^y for year (1965-68). 
The relative magnitudes of the coefficients of the Input variables can 
be utilized to assess the degree of Influence (positive or negative) 
that these factors lisve on the demand for short tern general hospital 
services (In terms of patient days). 

2.5 Major Outputs 

quantity of patient days consumed annually by each county's population. 

2.6 Assumptions (a)/Constra1nts (c)/Kvpotheses (h) 

(a-1) Average length of stay Is the same for out-of -county patients 
as for county-resident patients. 

(a-2) The proportions remained constant over the time period 1965-68 

(a-3) Use of out-of-state hospitals by Maryland residents Is negli- 
gible (except for adjustments made, for tm counties). 

3.0 TECHNICAL OESCRIPTORS 



3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

Two models, one equation each. Model I has one dependent and 16 
Independent variables} Model V has one dependent and 15 Independent 
variables. 

3.3 Data Utilized 

Patient days, beds, and nursing home data obtained from Hean/tmd staf 
Medioat Faeitity and Ptm, a report submitted «|)!jually to the Public 
Haalth Service. Additional data obtained from "Schedule of Adult Bed 
Room Rates", Modioca^t 1968} BtaUh Xmusmw SwotVnmt IMdtf Sooiat 
seouHty, July 1, 1966 (Office of Research and Statistics, Social , 
Security Administration, US Department of Health, Education and Irftlfare) 
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US CenauB of Population: 1960, Vol. I»; CharaoUHBticB of the Population^ 
Part 22, Maryland; Mamland Statiatieal Abetraot (Maryland Department of 
Economi!? Development* 1967); HatHbution of Phyaioiana, Hoapitala and 
Hoepital Beds in the United Stataa (Chicago: American Medical Association 
1965, 1966, 1967, 1968), Sewioea and Faoilitiea in Maryland (Gilbert 
Sanford, Townson, MD, Hospital Council of Maryland, 1968), and from the 
Bureau of Special Services, Medical Facilities Department In the Maryland 
State Department of Health; the Regional Economics Division, Office. of 
Business Economics, Department of Commerce; the Maryland State Department 
of Health, Divlson of Blostatlstlcs; and the HeaUh Facilities Planning 
Council for Metropolitan Washington. 



3.4 Input Variables 

(1) Price > sem1>pr1vate room rates for one day, 

(2) Income - annual per capita personal Income. 
Remaining Inputs by County 

*(3) Proportion of residents 65 and over enrolled In Medicare, 
*(4) Proportion under Medicare with Supplementary Medical Insurance, 
*(5) Average enrollment in Medicaid, 

(6) Proportion of population 65 and over, 

(7) Male proportion of population 18 and older, 

(8) Non-white proportion of population, 

(9) Proportion of population 25 and over with high school education 
or better, 

(10) Population density, 

(10 Number of non-federal, non-hospital based physicians per 1000 
population, 

(12) Proportion of non-federal, non-hospital based physicians who are 
In general practice, 

(13) Number of licensed short-term community hospital beds per 1000 
population, 

(14) Presence of 10 or more special hospital outpatient facilities or 
services, 

(15) Number of nursing home and extended care' facility beds per 1000 
population. 

*oin1tted In Model I . 



136 



3*8 Output Variables 

Quantity of patient days consumed annually by each county's population. 

3.6 VeHf1cat1on/App11cab111ty/Re11ab111tv 

Since the data used to estimate the parameters of the model applies to 
Maryland for 1965-1968, It Is questionable whether the model Is gener- 
ally applicable to current problems In Maryland or other states. 

3.7 Computer Characteristics 
None Identified 
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F8 

1.0 IDENTIFICATION 



1.1 Descriptive Title 

Expenditures for Physician's Services 

1.2 Developer's Names 

Victor R. Fuchs, Marcia J. Kramer, National Bureau of Economic 
Research 

1.3 References 

Fuchs and Kramer, 1972 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To gain an understanding of variations in the quantity of services, 
per capita, number of physicians per capita, quantity of services 
per physician, and insurance coverage; to examine the rise in ex- 
penditures for physician's services and attempt to explain the 
pattern of change. Model development supported by the Natlunal 
Center for Health Services Research and Development, US Department 
of Health, Education, and Welfare. 

2.3 Scope and Subject 

Behavior of patients and phy&icians in the market for physician's 
services. 
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2«4 Abstract 

An econometric niodel of the market for physician's services In 
1966 Is developed. The model, estimated In double-logarithmic 
fom by two-stage least squares regression, consists of four 
structural equations and two Identities. Each structural equa- 
tion establishes a general framework within which a broad range 
of hypotheses .tnsgardlng the behavior, of patients and physicians 
can be Investigated, and offers explanation for the determinants 
of a particular aspect of the market for physician's services: var- 
iations In demand, number of physicians, physician productivity, and 
amount of Insurance coverage. The finding Is that supply factors 
(technology and number of physicians) appear to be of decisive 
Importance In determining the utilization of and expenditures for 
physician's services. 



2.5 Major Outputs 

Estimates of the number of physicians, number of visits per physi- 
cian, quantity of visits deiKinded per capita, and Insurance benefits. 



2.6 Assumptions (aVConstralnts (c)/Hypotheses (h) 

(c-1) The study Is limited to physicians In a private practice. 

(h- ) Physicians are able to generate a demand for their services 
without lowering price. 



3.0 TECHNICAL DESCRIPTORS 



3.1 H adel Type 
Regression Analysis 

3.2 Model Characteristics 

Six equations (4 structural equations and 2 Identities), each with 
3-5 Independent variables. The dependent (output) and Independent 
(Input)* variables are those Identified In sections 3.5 and 3.4 
respectively. 
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Dependent Variable 
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Independent Variables 
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3.3 Data Utilized 

Cross-sectional state data from 33 states representing m of 
the total population was used to estimate the model. Data sources 
are listed In the Data Source Index: (30). (18), (53), (14), 
(117), (113), (57), (86). 



3.4 Input Variables 



(1 



3 
4 

S 

6 

k 



Average price per visit. 
Insurance benefits per capita, 
Private physicians per 100,000 population, 
Disposable personal Income per capita. 
Short-term hospital beds per 1,000 population. 
Quantity of visits per private physician. 
Number of medical schools, 
Quantity of visits per capita. 
Union members per 100 population, and 
•Ratio of health Insurance premiums to benefits. 



3.5 Output Variables 



2 
3 
(4 



Quantity of visits per capita. 

Private physicians per 1 00, 000> population. 

Quantity of visits per private physician, and 

Insurance benefits per capita. 



3.6 Ver 1 f 1 cat 1 on/App1 1 cabi 1 1 tv/Rel 1 abll 1 tv 

The developers state that due to the varying reliability of the 
data, conclusions derived from this study can only be suggestive 
of the true underlying relationships. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Physician Distributions 



1.2 Developer's Name 

Charles A. Hawkins, Jr., University of Rochester 



1.3 References 
Hawkins, 1969 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 



2.2 Purpose and Sponsor 

"To examine physician distributions as an element of social welfare, to 
determine the extent of maldistributions and their causes, and to explore 
altsrnatlve means for correction of Imbalance". Model Is part of a 
master's thesis. Systems Analysis Program. 



2.3 Scope and Subject 

Physician-population ratios by physician type: engaged In patient care, 
general practice, and surgical specialist. 



2.4 Abstract 

Socio-economic and demographic data was examined to determine ecdnonlc 
and other relationships Influencing the geographic distribution of phy- 
sicians. Regression equations were obtained relating population per 
physician to several Independent variables for the United States and 
New York State for 1963 and 1967, and suggestions for remedying physician 
maldistribution were made. 
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2«S hajor Outputs 

Physician population ratios 

2.6 Assumptions (a)/Constra1nts (c)/Hvpotheses (h) f 
None Identified 

3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

44 separate equations relating population per physician to different 
Independent variables. United States - 24 equations* New York State - 
20 equations. Half of each set of equations was estimated using 1963 
data; the other half was estimated using 1967 data. 

0.3 Data Utilized 

Sources of the data utilized In the regressions are listed In the Data 
Source Index as numbers (101), (37), (100), (S3). (117), (113), (18), 
and (19). 

3.4 Input Variables 

(1) Per capita Income, 

(2) Per cent population with regular medical Insurance coverage, 

(3) Per cent population admitted to hospitals per year, 

(4) Number of medical schools per unit, 

(5) Population per square mile, 

(6) Median education, 

(7) Median age, 

(8) Per cent employment • professional and technical , and 

(9) Per cent employment - agricultural* 
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3.5 Output Variables 

■ (1) Population per physician - patient care, 

(2) Population per physician - general practice, 

(3) Population per physician - surgical specialist, and 

(4) Population per physician engaged In activities other than 
patient care. 

3.6 Verl f Icatlon/Appl Icabi 1 Itv/Rel labi 1 Itv 

Since the data used to estimate the model parameters applies to 1963 
and 1967, It Is questionable whether the model Is applicable to current 
problems. 

3.7 Computer Characteristics 
IBM System 360/65 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

simulation of Hospital Medical Care 

1.2 Developer's Names 

Catherine Rhys Hearn; J. M. Bishop, University of Birmingham, Queen 
Elizabeth Hospital, Birmingham, England 

1.3 References 

Hearn & Bishop, 1970 _ 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

Oemonstrate use of a simulation model to (1) describe activities and 
events concerned with the care of hospital patients, and (2) examine 
the consequences of changes In hospital operations. Model development 
sponsored by Nuffield Provincial Hospitals Trust. 

2.3 Scope and Subject 

Hospital services required by patients. 

2.4 Abstract 

Simulation model is used to describe hospital patient care. Data 
was obtained by observation and from records on 94 patients on two 
medical wards to generate service requirement statistics* Limited 
Information is available on the selection of service parameters and 
modeling techniques employed and outputs of simulation. 
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2.5 Major Outputs 

Schedule of patient services, type and number of services performed 
and availability of medical and nursing staff. 

2.6 Assumptions (a )/Constra1nts (c)/Hypotheses (h) 

(c-1) Limits set on number and kind of procedures a patient could 
receive on one day. 

(c-2) Capacities of service departments. 

(c-3) Availability of medical staff. 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 

Simulation, based on empirical data. 

3.2 Model Characteristics 
Insufficient Information available. 

3.3 Data Utilized 

Data concerning Items of service received by a sample of 94 patients 
and observations of clinical decisions regarding sequence of services 
are used to classify patient services received In terms of timing, 
location, priority, etc. 

3.4 Input Variables 

(1) All Items of service given, 

(2) Day given, 

(3) Reasons for the sequence observed and limits within which this 
might have been allowed, 

5 



) Department of service, 
, Complexity of service. 



6) Service priorities, 

7) Service times, and 

8) Other variables not Identified. 
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3.5 Output Variables 

Specific information not provided. 

3.6 Verificat^nn/Applicabili tY/Reliability 

The tnodel was verified by comparison at various simulated frequency 
distributions to distributions observed in the real sJ^JJ^lJJ'.Jy 
coinoarison of output profiles with input profiles, and by examination 
Sf the effects of alterations in limits. There was no significant 
d ffSreS e between t^^^^ simulated and observed «nean values or fjm 

distributions, output and input P^o^ a9r;e^?lJ5!" IJij^S ut e 
nf n«ti*nt«s and considerable variation in the limits produced little 
SffeJt oS UnSh Sf ltay The model is intended for short-run planning 
In?ufficiennforJ«tiSn provided to determine validity and relia- 
bility. 

3.7 rnm piiftfy Characteristics 

Written in FORTRAN to be run under the .E6-D0N HI system on a 
KDF 9 computer. 

Running time - 90 minutes for 60 simulated days. 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Migration of the 1955-1965 Graduates of American Medical Schools 

1.2 Developer's Name 

Philip J. Held. University of California. Berkeley 

1.3 References 
Held. 1973 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

Analvsis of the migration patterns of physicians with no previous 
TtJte wntact and with previous state contact "El Jje of graduate 
training". Model development supported, by the Ford Foundation. 

2.3 Scope and Subject 

Miaration of family practice physicians and specialists who are non- 
fedJ?arnSn.acadimic pSsicians in direct patient care, and wh; have 
hJd Sther graduaS traiiiing In the state or no previous ccitact w1t^ 
the state. 

2.4 Abstract 

Th« movement and location patterns of recent medical graduates is 
in^55^dw^th1n the context of the overall demographic, social and 
SSic ?h:5 es oJcurlJi within the US. Based on the 1 terature 
review, a model is deve'oped which contains measures of the economic. 
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professional and non«pecun1ary attractions of an area for 1955-196S 
medical school graduates. Cross-sectional data from 38 states Is 
used to estimate the model equations. Estimates of the number of 
physicians locating In a state as a result of a unilateral Increase 
In that state's public medical school graduates are provided. It Is 
concluded that the migration patterns of physicians are consistent 
with reasonable hypotheses of economic and professional behavior. 
The results Indicate that there Is a market operatlnt; to allocate 
physicians and that there are Instruments amenable ;o public policy. 

2.5 Major Outputs 

Estimates of the rate of physician migration relative to the white 
male migration. 

2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 

(c-1) Only non-federal, non-academic physicians In direct patient 
care are considered. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type % 
Regression Analysis 

3.2 Model Characteristics 

There are two types of equations, In-mlgratlon and out-migration, each 
estimated for public medical school graduates and public and private 
medical school graduates, by^type of migrant (state of graduate training 
or no previous state contact) and by "family practice" or "specialist", 
for a total of le equations. Each equation contains the same 8 Inde- 
pendent variables. . 

3.3 Data Utilized 

'P^'^!^ obtained from the American Medical Association, 
April 1971. Additional data sources were L. S. Reed, studiee of the 
Inoome of Phyeioiane and DmtiBtOt US Department of Health, Education, 
and Welfare! Social Security Administration, Office of Research and 
Statistics, 1968i US Department of Housing and Urban Development, 
Federal Housing Administration, Division of Research and Statistics, 
m ttomo m?t Data for states and Selected Areas, Washington, O.C., 
yf^?^^fr!!'!*!?^ Printing Office, 1967, and numbers (117), (116), (140), 
(17), (18) In the Data Source Index. 
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3.4 Input Variables 
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Net profit of solo-practice physicians In state 1 ]" JSJC* ^ ^ 
Average price of land for existing FHA housing In 1967 In state 
1 (a proxy for non-pecuniary benefits), 
U) Natural rate of population Increase between I960 and 1967 in 
state 1 

(4) Ratio of non-federal physicians In category/ Pe** lOO'SSOJ^P"" 
latlor In state 1 In 1963. Category r has two values which corre- 
spond to the form of the dependent variable, family practice and 
specialises, . » t i 

(5) Number of public medical school graduates graduating from schools 
In state 1 In 1966 per 100,000 population, 

(6) Number of private medical school graduates graduating from schools 
In state 1 In 1966 per 100,000 population, ^ . 

(7) Number of house staff (Interns, res dents, bellows) who were 
graduates of American medical schools and were on duty In state 

(8) Number^of*hosp1tal beds In Institutions used for ieaching medical 
students (Including graduate students) In state 1 In 1966. 

3.5 Output Variables 

(1) Number of 1955-1965 medical school graduates In cateogry k prac- 
ticing In state 1 In 1971 relative to the number of white males 
who migrated Into state 1 between 1955 and 1960, 

(2) Number of 1955-1965 medical school graduates In category k whose 
state of residence prior to attending medical school was 1, but 
whose state of practice was not equal to 1, relative to the num- 
ber of white males who migrated out of state 1 between 1955 and 
1960. 

Category k refers to "place of graduate training" or "no previous state 
cJntiSt^ and family practice or specialist practice. I.e., four categories. 

3.6 Verlflcatlon/Appllcabl llty/Rftl lability 

Since the cross-sectional data results In average values for all states, 
the model's applicability to Individual states Is questionable. No 
verification studies were performed. 

3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 DescHptive Title 

Demand and Supply of Professional Hospital Nurses' Services 

1.2 Developer's Name. 

Jesse S. Hlxson. Michigan State University 

1.3 References 
Hlxson, 1969 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

9.9 Purpose and Sponsor 

To conceptualize and measure the effects of managerial <iJjcret1onary 
behavior on the demand ahd supply of nurses' services. The model Is part 
of a PhD dissertation, field of Economics. 

2.3 Scope and Subject 

tium^A and supolv of qeneral duty RNs* practical nurses* and "Mfslng 
ffi lS medica . Surgical . Intensive cart and cardiac units In relation 
- S the objective functions of short-term general hospitals. 

2.4 Abstract 

The economic structure of the hospital JJ^II^SJ-S^*'* 
particular emphasis on the decision Processes and discretionary 
EdhJwior of the hospital. Theoretical specification of Individual 
ohJslclIn utility funct ins are maxImlieS and amalgamated to construct 
a set of demand functions for hospital services. The theoretical 
mdSl Is fSrther spec fled in terms of the hospital departmentallwd 
Sructure. Preference function and fund allocation are "iJKHnlied to 
establish the department budget constraints, nursing service budget; 
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and nursing care production function, thus establishing the hospi- 
tal s demand for nurses. The supply of nurses is derived by maxi- 
mizing nurse utility functions which include working condition argu- 
!!!!!! JLS^'^'^i^?!!*?®.*''' traditional income and leisure variables. 
Using Ijeo and ig64 data from 40 counties in Michigan, underlying 
assumptions of the theoretical model are tested and elasticity of the 
supply of nursing services estimated. 

Major Outputs 

Turnover rates of nurses in hospitals, ratios of nurses to average 
daily census and to other classifications of nurses. 

2.6 Assumpti ons (a)/Constra1nts (c^/Hvpotheses (h) 

(a-1) Nurses are perfectly Itnmobile between markets. 

(a-2) The stock cf nurses is fixed during the time period under 
consideration. 

(a-3) The demand for hospital nurses was derived under the assumption 
the nursing service department maximizes output subject to a 
budaet constraint determined by the utility-maximizing allo- 
cation of funds yielded in the hospital decision process. 

(a-4) The physician acts to maximize his utility, which is a func- 
tion of Income and leisure. 

(a-5) The objective of non-profit hospitals is to maximize output, 
that is, hospital output is extended to the point where total 
cost equals total revenue. 

(a-6) Private practitioners favor expenditure on medical care inputs. 

(a-7) Nursing staff prefer expenditures on patient care inputs when 
the working conditions in the nursing service department are 
determined by the volume of these expenditures. 

(h-1) The supply of nurses ♦ service to a hospital is effectetJ by the 
technical magnitudes utilized in its production of nursing care. 

(h-2) A hospital's demand for nurses relative to its patient load 
wil vary with the influence of the nursing $ta?f n iti 
decision process. 

^•"^^ I!!^I;!l!^i!^!l!^P*^?^**S"•^ hospUel nurses it note result 
of imperfections in the labor market, 
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3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Formulation of theoretical structure tested by use of regression 
analysis on empirical data. 

3.2 Model Characteristics 

For the testing of the first hypothesis (turnover rate of the dependent 
Jfrlfble)! llSea?; semMogarlthmlc. and logarithmic Junct onal fonjs 
were employed In regressions for all combinations the JxpUnatory 
variables. Two groups of regressions were run, one Including ratios 
of registered nurses to auxiliary nursing personnel. Seven best- 
fit" equations were reported for the first set of staffing 'ratios 
(personnel to patients); six "best fit" equat ons were reported for 
the second set of staffing ratios RNs to auxiliary personnel). For 
thi listing of the second hypothes la (hospital demand for nurses as 
Jepre"5ied bj the stafflng'ratlos). each dependent varlab e was re- 
aressed Into all pairs, all 3-tuple and all 4-tuple combinations ot 
thriSplaSatory vrrlablell results In 9 "best-flt" equations for the 
six dependent variables. 

3.3 Data Utilized 

Data utilized In the regressions was collected from a Mf;!? oj/o"**- 
teen short-term general hospitals in Michigan. {IJ. ♦'osP^J^^sJ":.. 
eluded In the sample were accredited by the Joint Commission on the 
AcSrIdltStlon of Hospitals and were participating Blue Cross Hospitals, 
and none were primary teaching hospitals. 



3.4 Input Variables. 

(1) Average dally census In medical. Surgical. ICU. and cardiac 
nursing units. 

(2) General duty RNs per average dally census* 
3) Practical nurses per average dally census. 

Nursing aides per average dally census. 

5) Ratio of general duty RNs to practical nurses. 

6) Ratio of general duty RNs to nursing aides. 
J) Minimum or starting monthly wage of general duty RNs. 
/8 Maximum attainable monthly wage of Seje^'al duty RNs. 
'q( a binary variable coded 0 to 1 according as the nurse force 
^ ' Sar"5KSnt" or "transitory" to Indicate the stability of the 

population from which the nurse was drawn. 
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^^'^^'^ 9 1 according as nurses were or were 
/m S?;4" between services with changes in patient loads. 

Binary coded hospital variables are: 

(12) Presence or absence of an ICU, 

];! Ei^^sence or absence of a qardio-pulmonary unit, 
(521 o** absence of practical nurse training, 

hU E**®*®"" or absence of professional nurse training, 

(17) Presence or absence of a patient care committee, 

us; Presence of a authoritarian administrator or presence of an 

SSlll!!i**e**°r '^''2 delegated authority with respect to the 
/,«\ Nursing Service Department, and 

nS^siSrseJvic""^® ^^^^^"^^^ negotiations for the 

3.5 Output' Variables 

0) Turnover rate of general duty RNs in per cent per year, 

^ ' l!l!;Ll!?*'*Jl!fi P«!:so«nel per average daily census in medical, 
surgical, ICU and heart units. 

General duty RNs per average daily census. 

Practical nurses per average daily census. 

Nursing aides per average daily census, 

6, Ratio of general duty RNs to practical nurses, and 

7) Ratio of general duty RNs to nursing aides. 

3.6 Verif icatlon/Appl icabil itv/Rel iabil ity 

♦AJSe'i!i"2L*'^P°*5!5^* conceptual model structure were tested in 
terms of the confidence levels on the estimated coefficients of the 
regression equations. These regressions were further tested for 
possible specification errors or biases. Results of these tests 

3.7 Computer Characteristics 
None identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Linear Regression Model - Estimating Hospital Bed Needs In 
California 



1.2 Developer's Name 

Carl E. Hopkins et a1, UCLA 

1.3 Refere n<'Qs 
Hopkins, 1967 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To provide the state of California with a study of methods for estlma- 
ting hospital bed needs. Project sponsored by the US Public Health Service. 

2.3 Scope and Subject 

Hospital bed needs for 58 California counties In 1960 and 1965 

2.4 Abstract 

This study explores the methodology of estimating present and 
future hospital bed needs to serve a given client population. 
Multiple linear correlation/regression analysis was used to 
determine the Influence of several variables on hospital bed 
use, and a three-variable simplified regression model for esti- 
mating per capita patient days was developed for Illustrative 
purposes. The model explained 35X of the variance In per capita 
hospital use. 
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2.S Major Outputs 

Patient days of hospitalization used by county. 

2«6 Assumptions (a)/Constra1nts (c)/Hvootheses (h) 
None Identified 

3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 

Regression Analysis 

3.U Model Characteristics 

One equation, three variable (deaths age 65 and over per capita, 
births per capita, effective buying Income per capita). 

3.3 Data Utilized 

Data collected for each of 58 California counties. Variables selected 
on basis of availability for Intercental years. 



3,4 Input Variables 

For correlation/regression analysis - variables 6, 18 and 21 used 
In. regression model. 

1) Total population (thousands), 
2; Number of households (thousands), 
,3) Urban population (thousands). 



5 

f 

(10 

11 

12 
(13) 



Total retail sales ($000), 
Drug stores sales ($000), 
Net effective buying Income ($000), 
Per cent of families with Inconet under $4000, 
Per cent of families with ineemas of $7000 or mort, 
Persons In the, population betWNn the ages of 25 and 64 (thousands). 
Persons In the population aged 65 and over (thousands), 
Per cent nonwhite population, 
Average annual unemployment rate, 
Malt median educational level , 
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Female median educational level* 

aSll^^^^^^^^^^ urban state highway mileage. 

Tota nu^er of deaths (by place of residence). 
Tota number of live birtfc (by place of resld^^^^ 
Total number of marriages (by place of occurrence). 

Number of deaths under age 5 (by P]"* ?I,;«i^!;5!ll.ce) 
Number of deaths aged 65 and over (by place of residence;. 

Number of hospital beds. 

Number of hospitals. ««.;f4c« and 

Number of physicians In private practice, and 
Number of physicians In general practice. 

3.5 Output Variables 

Patient days of hospitalization used by county. 

3.6 ver1f1cat <^V^rP^<«*^^T^<^v^'^g^<*b^^^ 

Is unlikely. 

^ 1 rA«piifot> Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Allocation of Nursing Time to Patient Care Model 

1.2 Developer's Name 

Richard C. Jellnek, University of Michigan 

1.3 References 
Jellnek. 1964, 1967 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 



2.2 Purpose and Sponsor 

To characterize the behavior of the nui-slns ""l* I' ^L'llJd'fo^aSSly- 

the U. K. Kellogg Foundation. 
g.a Scope and Subject 

student nurses. 
2.4 Abstract 

The n»del characterlies the {trntujal^^^^^^ oM jf^J* «„t 
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other paraineters (e.g., available staff, number of patients, patient 
conditions, etc.). The results of the regression analysis are com- 
pared to hypothesized relationships between variables concerning the 
characteristics of the nursing unit. The hypothesized relationships 
were used to provide the theoretical basis for the model . 



2.S Major Outputs 

Hours devoted to various activities by different nursing categories. 



2.6 Assumptions (a)/Constra1nts (c)/Hypothesas (h) 

(h-1) Added Increments of nursing staff yield progressively lesser 
Increments In the amount of time devoted to direct patient 
care by the nursing staff. 

(h-2) The disproportion of change due to hypothesis 1 Is greater for 
the more highly trained nursing staff. I.e., professional, 
practical and student staff, than- It Is for the lesser trained 
staff. I.e.* nurses aides. 

(h-3) Added Increments of nursing staff yield progressively greater 
Increments In the amount of time devoted to nonproductive ac- 
tivity by the nursing staff. 

(h-4) The disproportion of change due to hypothesis 3 Is greater for 
the more highly trained nursing staff. I.e., professional, 
practical and student staff, than It Is for the lesser trained 
staff. I.e., nurse aides. 

(h-5) There exists a substitution effect between the various nursing 
categories In the amount of direct patient care rendered; for 
example, an Increase In the number of practical nurse$ on the 
nursing unit will Increase the amount of direct patient care 
rendered by the practical nurses (by hypothesis 1), which, due 
to this hypothesis, will reduce the amount of direct patient 
care that the professional nurses would otherwise have given. 

(h-6) The substitution effect (i.e., the reduction In direct patient 
care) due to hypothesis 5 Is proportionally greater for the 
more highly trained nursing staff. I.e., professional, practical 
and student staff* than It Is for the lesser trained staff* I.e., 
the nurse aides. 

(h-7) The iMunt of tine devoted to direct patient care by the nursing 
staff will Increase with an Increase In the level of patients* 
need for nursing cart. 
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{h.8) The increase In direct patient care due to JyPJiJf^s J.^! 
proportionally greater for the more highly ""I^IS.^ 
sSff. I.e., professional, practical and student staff, than 
it is for the lesser trained staff. I.e.. nurse aides. 

(h-9) There exists an Inverse relationship between the {mount of 
time devoted to direct patient care and the amount of time 
devoted to non-productive activity (i.e.. «nj;c»;ej;e in 
time devoted to direct patient care J s associated with a 
decrease in time devoted to non-productive activity). 



3.0 TECHNICAL DESCRIPTORS 



Independent Variables 



3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 
12 equations. 12 dependent variables. 11 Independent variables 

Dependent Variables 

3 
4 

!l 

7 

il 

10 
(12 

^endogenous variables 

3.3 Data Utilized 

Data to test the hypothesized characteH sties the nu*^ln9 
obtained from observation of 33 nur$1n« ui»1 1 diyi J" 6 «»d1ca1, sur- 
gical. «nd orthopedic units of Saint Joseph Mercy Hospital, a 520 bed 
general care hospital in Ann Arbor. Michigan. 
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3*4 Input Vari ables 



(1 
2 
3 
4 

ili 

7 
8 



(9) 



RN hours per patient day* 

LPN Hours per patient day* 

Nursing aides hours per patient d«y, 

Student nurse hours per patient day* 

Fraction of partial care patients, 

Fraction of total cart patients. 

Number of patients In nursing unit. 

Newly admitted patients (within a 24 hour period) as fraction 

Of census, and 

Type of nursing unit - orthopedic, urology and neurosurgery, 
general surgical . and other. • " ^ 



3.S Output Vari ables 

(1 ) Number of hours per patient 
by RNs. 

(Z) Number of hours per patient 
^ by LPNs. 

(3) Number of hours per patient 
by nursing aides, 

(4) Number of hours per patient 
by student nurses, 



,5) Number of hours per patient 
61 Number of hours per patient 
7) Number of hours per patient 
nursing aides, 

(8) Number of hours per patient 
student nurses, 

(9) Number of hours per patient 
miscellaneous activities by 

(10) Number of hours per patient 
miscellaheous activities by 

(11) Number of hours per patient 
miscellaneous activities by 

(12) Number of hours per patient 
miscellaneous activities by 



day devoted to direct patient care 

day devoted to direct patient care 

day devoted to direct patient care 

day devoted to direct patient care 

day devoted to Indirect care by RNs, 
day devoted to Indirect care by LPNs, 
day devoted to Indirect care by 

day devoted to Indirect care by 

day devoted to nonproductive and 
RNs, 

day devoted to nonproductive and 

IPVr, 

day devoted to nonproductive end' 
nursing aides, 

day devoted to nonproductive and 
student nurses. 



3.6 Ver1f1eat1on/App11cab111ty/Re1 lability 

Individual hypotheses listed In section 2.6 were compared to the curves 
and data generated In model development, however, quanStatlve anJlisI I 
SoVSS&S' 'ri;J liLS^"^*"**" i^l' comparison or coilSaJt s 
SI SJnJSSi: .S®!!^*'*"? an*! 1«ve1s of significance concerning 

the validation of these hypotheses are not therefore pr6v1dcd. since the 
model was estimated ysliw data froi t tlimliSMBlSK 
coefficients are not geiSrtlly ipplfJablVte Sl^llSjftiu.'^'^**' 

ZJ Computer Character1«t1i5« 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Maternal and Child Care Simulation Model 

1.2 Developer's Name 

F. D. Kennedy, Research Triangle Institute 

1.3 References 

Kennedy, 1963a, 1968b, 1968c, 1968d 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

The maternal and Infant eare simulation model Is completed and tested 
by comparison to actual data. 

2J Purpose and Sponsor 

To investigate the problems associated with the development of a com- 
munlty health service system simulation model and to determine the 
feasibility of using simulation techniques in comwnlty h^^^^^ 
nina. Model development sponsored oy the US Pub^c Hj;lJ5 »jrv1ce. 
Division of Cwwunlty Health Services, Bureau of Health Services. 

2.3 Scope and Subject 

Simulation of a maternal and Infant care 

2.4 Abstract 

A model of community health services was developed to Investigate the 
merits of using simulation techniques In health planning and to eval- 
uate the val1d?ty of the total health systems framework previously de- 
veloped, by constructing a model of a selected subsystem. The maternal 
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and Infant care subsystem was selected, and a simulation model devel- 
oped. Regression analysis of data from North Carolina Counties yielded 
four equations concerned with (1) prediction of number of mothers' 
visits to prenatal clinic, (2) prediction of total number of home 
and extra service visits, (3) prediction of birth weight of Infant, and 
(4) prediction of number of Infant Illnesses. Using these equations 
and simulated values of requisite data, the model calculates the num- 
ber of pregnancies generated In a particular month and assigns charac- 
teristics to them, builds a schedule of clinic visits for the mother, 
allocates resources for these visits and records their utilization 
and costs, creates a record for each pregnancy that terminates In a 
live birth and assigns appropriate characteristics to this Infant's 
record, generates an Illness pattern for the Infant, builds a schedule 
of clinic and office visits by the mother and Infant, allocates resources 
for these visits, and records resource utilization and costs. 

Z.S. Hajqr Outpi'^'s 

Four basic report types: maternal clinic utilization. Infant clinic . 
utilization, yearly summary report, and preg'nancy termination report. 

2.6 Assumptions (a)/Constra1nts (c)/Hypothes1s (h) 

(a-1) The need arising from pregnancies can Jbe sufficiently predicted 
by .a crude pregnancy rate multiplied by the appropriate soclo- 
populatlons. 

(a-2) Demand Is a function of soclo-acceptablllty (which remained 
constant) and Spread of Information concerning the clinic 
(which Increased with time to some upper limit). 

(a-3) Resource utilization can be adequately portrayed In an aggres- 
sive manner. 

(a»4) Clinic service times can be adequately represented by a trun- 
cated exponential function. 

(a»5) Patient attitudes toward the clinic are a function of clinic 
loading and the resulting time available foV* clinic personnel/ 
patient communication. 

(a-6) The model assumes maternal and Infant mortality rates to be 
stationary and emphasizes, Instead, the reduction of Infant 
abnormality and Infant morbidity. 
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3.0 TECHNICAL DESCRIPTORS 



3.1 Model Tyje 

Simulation, Regression Analysis 

3.2 Model Charactari sties 

The model consists of four linear regression equations and a series 
If sSlatiSS progriL written in SiSsCRIPT which generate specif c 
materna and child care data values from gross inputs such as popu- 
lation size, pregnancy rate, hospital stay character sti«^ 
distributional parameters. Minimum simulation time interval is 
week. Each simulated month has three sets of maternaypediatrlc 
patients associated with it: mothers eligible to attend the maternal 
care clinic, mothers scheduled for delivery for the month and the 
wllect on of infants available to attend the infant care clinic. 
The oroaram distributes these mothers and children into the weekly 
I in «?cwrd nVto the case load distribution. Clinic operat ons 
are defined by the various types of personnel in terms of the number 
'asfigned tS the clinio. allSation o? work hours, and lengt of time 
went with oatients. The program also defines visit costs and ser- 
5?«s times for SediatridSn Offices and hospital outpatient opera- 

tions. 

3.3 Data Utilized 

The model was derived using data from the North Carolina Project for 
Comprehensive Maternal and Infant Health Care in Wayne County for the 
period July 1965 to December 1966. 

3.4 Inout Variables. 

(1) Population class characteristics (size, crude pregnancy rate). 
2 Characteristics of the pregnancy for each class (age distribution 
^ for mother, marital status distribution, parity distribution, 
pregnancy outcome distribution). 
Initial visit distribution. 

Economic and educational distribution, <«f*nt 
Resource list (personnel resources used in the maternal and infant 
care clinics, pediatrician office rssources), - j 

Hwpital stay distribution (mothe: and child at the time of delivery). 
Cost data for clinic and hospital operations, and 
Infant illness data (illness outcome, where treated, conditional 
probability of having subsequent illness). 
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3.5 Output Variables 

(1) Maternal clinic utilization report (case load, amount of resources 
used, nwxlinuffl clinic running time, cost of clinic operation, for 
each month), 

(2) Infant clinic utilization report (data for the infant clinic, 
the hospital and pediatrician office visits), 

(3) Yearly summary report (summarizes clinic operations for a year 
and includes effectiveness ineasures), and 

(4) Pregnancy termination report' (number pf pregnancies that termin- 
ate during the year and their outcome, for the target population 
and the population at largd). 

• 

3.6 Verifica tion/APDiicabnitv/Reliabllltv 

The predictive ability of the model was treated by comparing actual 
caseload data from Wayne County for the 1967 calendar year with data 
generated by the model for that county for the- equivalent time period. 
The universality of the model was given an ini.tlal test by comparing 
the simulated data with actual data from the other project counties. 
Warren and Halifax. All predictions were within acceptable limitsi 
however, the developers. state that additional tfita subieguent to 1967 
for all three counties should be obtained to fiirther verify the model 
before it car be accepted without any^rsservatloni. The regression 
equations of model may not be applicable to time periods or geo- 
graphic areas different from the time and area in which they were 
derived. 

3.7 Computer Characteristics 

Run on the IBM 7094 and the CDC 3600. Language: SIMSCRIPT. Run 
times of approximately 4 minutes on the 3600, 10 lAlnutes on the 7094. 
have been experienced in simulating 6 years of operation with an aver- 
age monthly case load of 200 mothers and 100 infants. A program 
. listing of the model Is Included. ^ " 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Model of Patient Care Demands for Nurse Manpower 

1.2 Developer's Names 

Claire Laberge-Nadeau, Marie Feuvrier, Ste. Justine Hospital, Montreal 

1.3 References 
Laberge-Nadeau, Feuvrier, 1972 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 

Completed and verified by comparison to actual hospital operations. 

2.2 Purpose and Sponsor. 

AnaivzA nursino tasks in order to maximize efficient utilizatipn of 
SSrlfSersSnnSf. MSdel development sponsored by Sta. Justine Hospital. 

2.3 Scope and Subject, 

Patient demand for nursing staff and supply of tasks by nursing . 
staff category. 

2.4 Abstract 

A time-study is used to determine direct care needs of patients and a 
^muUtion model is used to estimate demand for activities other than 
d Jwt care. The model was developed to test the •f Ject of varlat ons 
in the number and class of patients on the *?5?,f .J"*^*^"^ 

staff needed. The developers believe there Is a possibility of 
reoraanizing various tasks to optimize patient care, and feel there 
ifSIed for a staffing allocation method based on patients' require- 
ments. 
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2.5 Major Outputs 

A sample of 30 work days for each personnel category. 

2.6 Assumptions (a)/Constra1nts (c)/ Hypotheses (h) 

(a-1) Tasks not related to direct patient care are Independent of 
the number and class of patients when the "ward functions under 
normal conditions". 

(c-1) Routine assignments imist be conducted during regular hours. 

(c-2} Assignments ordered by most probable order of occurrence. 

(c-3) Occasional assignments Identified. 

3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 

Monte CarlOt Simulation. Empirical 

3.2 Model Characteristics 

A UCLA transportation model TRANSIM which has been generalized for 
use In Industrial and Institutional systems Is used to simulate 
activities of a nursing staff. Frequency distributions Internal to 
the model and other technical descriptors are not provided In the 
above reference. 

3.3 Data Utilized 

. Data on the duration aiid frequency distribution of tasks assigned to 
each type of personnel was obtained through interviews with experienced 
personnel at Ste. Justine Hospital « Montreal. 

3.4 Input Variables 

List of all tasks carried out by each category of personnel, order of 
occurrence, frequency, and time required to complete each task. 
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3.5 Output y ariables 

(1) Listing of every cctivUy carried out by a person in each category, 
in the order and at the time of thuir occurrence for each day of 
the period simulated, 

(2) Breakdown of total time spent by the personnel in the hospital - 
shows maximum, minimum, and average day length, and 

(3) Amount of time spent carrying out activities (individual and by 
activity group) as outlined in the activity lists. 

3.6 Verification/Applicabillty/Reliability 

The model was verified by comparing the model results to actual hospital 
operations on four levels. The sirnulatlon contains a validation stage 
during which a model is run, its rtsults tre analyzed and, if necessary » 
the model is corrected using new date. Information required to deter- 
mine internal validity is not provide^ in this reference. 

3.7 Computet^ Characteristics. 

Run time - 3 minutes on UNIVAC 1108 
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1.0 IDENTIFICATION 

IJ Descriptive Title 

An Econometric Production Function Model for Health 

1.2 Developer's Name 

Mary Lou Urmore, Northwestern University 

1.3 References 
Larmore. 1967 

2.0 GENERAL DESCRIPTORS 



2.1 Develop m nnt Status 

Completed and estimated using 1959 and 1960 data. 

2.2 Purpose af)d Sponsor 

2.3 Scope and Subject 

Empirical production function for health. estlMtIng mortal^ 
rates, physician visits, family Income, and health status. . 



2.4 Abstract 



hSlth status as influenced by personal characteristic 

A* nmrf<rai care. The three equations In this model are a 

«5lStSd uslno «Uemt1v« Identifying Msu«ipt1on», and the set of 
wsSt'Mch ylSldJd t «ost ?ealonabl. results Is selected. 
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2«S_ Major Outputs 

Estimates of mortality rates, number of physician visits, annual 
family Income, and two proxy variables for health. 

2.6 Assumptions (a)/Constraints (c)/Hvpotheses (h) 
Model 1: Mortality Rate Kodel 

(h-1) Number of nonrfederal physicians per thousand residents is 
largely unresponsive to mortclity rate. 

(h-2) Income structure of a county is not significantly influenced 
by the mortality rate. 

Model 2: Three Equation Model 

(a-1) Sex is not an important variable. in explaining disability or 
mortality. 

(a-2) Residence in the South influences health; differences among 
other regions are unimportant. 



3.0 TECHNICAL I'r.SCRIPTORS 

3.1 Model Type 

. Regression Analysis 

3.2 Model Characteristics 

Model 1: one linear equation, relating mortality rate to the 
seventeen independent variables listed in section 3.4. 

Model 2: three equations relating each of the three dependent 
(output) variables listed in section 3.S to the eleven input 
variables listed In section 3.4. 

3.3 Data Utilized 

Data for estimation of Model 1 was obtained from thi Cwiius Bureau 
publication Comty and City Data Book 1966 and from refANnce I2S 
in the uata Source Index. Data for Model 2 was obtained from 
ireference #s (115), (118), (86), in the Date Source Index and US 
National Health Survey Publications Series 10, Numbers 21 and 24. 
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3«4 Input Variables 



Mortality Rate Model 



PI 

7 

8) 

(9 
(10 

(11 

(12) 

(13) 

(14) 
15 
16 
17 



Number of non-federal physicians per thousand residents, 

Population density. ^ 

Per cent of population having urban residence, 

Per cent of population having rural farm residence, 

Per cent of population non^hite. 

Per cent of population under 5 years of age. 

Per cent of population between ages of 21 and 65, 

Per cent of population 65 years of age and over. 

Per cent of families having yearly income under $3000, 

Per cent of families having yearly income of $10,000 and over. 

Per cent of population 25 and over having completed less than 

3 years of school , 

Per cent of population 25 and over having completed high school 
0** '"ore, 

Per cent of population having migrated from a different county 
in 1960, 

Per cent of employed persons in agriculture. 

Per cent of employed persons in construction. 

Per cent of employed persons in manufacturing. 

Per cent of employed persons in white collar occupations. 



Three equation Model 2 (all are dumn\y variables) 

1) 1 if male, 0 otherwise, 

2) 1 if a person's age is 5-14, 0 otherwise, 

3) 1 if a person's age is 15-24, 0 otherwise, 

4) 1 if a person's age is 25-44, 0 otherwise, 

5) 1 if a person's age is 45-64, 0 otherwise, 

6) 1 if a persons's age is 65-74, 0 otherwise, 

7) 1 if a person's age is 75 or more, 0 otherwise, 

8) 1 if a person resides in North Central region, 0 otherwise, 

9) 1 if a person resides in South region, 0 otherwise, 
0} 1 If a person resides in West region, 0 otherwise, 
1) 1 it a person is a member of the white race, 0 otherwise. 



3.5 Output Variable s 

Model 1 - Number of deaths per thousand residents. 



Model 2 » (1) Alternative proxy variables for health 

jaj Number of bed disability ,da)(s per person per year. 



Number of deaths per hundred persons per year 

Number of physician visits per person per year, 
Annual family income of persons in the sample. 
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3.6 Verif1cat1on/Appl1cabi11ty/Rel lability 

Since the data used to estimate the parameters of the model applies 
to the early 1960's, it is questionable whether the model is appli- 
cable to current problems. 

3.7 Computer Characteristics 
None identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Cost of Medical Education 



1.2 Cevel oner's Nam e 

Robert J. Latham, University of Iowa 



1.3 References 
Latham, 1971 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 



2.2 Purpose and Sponsor 

(1) To analyze In detail the production process by Identifying all 
factors of production and all production activities of the med- 
ical college and to estimate production functions for each pro- 
duction activity. 

(2) To provide an accurate estimate of the cost of each production 
activity in the medical college and to use these estimates for 
predicting budjgeting requirements of expanding medical enroll- 
ments . 

(3) To estimate the optimal output mix of the medical college given 
production functions, inputs available, budget limitations, and 
institutional constraints on production alternatives. 

Supported by the University of Iowa Medical College with US PubMc 
Health Servire funding. The model is part of a PhD dissertation, 
field of Economics. 
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2.3 Scope and Subject 

Production, costs, and allocation in the University of Iowa Medical 
College, Iowa City, Iowa, 1967-68 and 1968-69. 



2.4 Abstract 

Theoretical questions are posed concerning the relationships between 
Inputs and final outputs in a medical college. To answer these ques- 
tions an input-output model with inventories is developed, cost 
functions for production outputs (e.g., research, medical education, 
patient services, intern and resident education, graduate education, 
etc.) are specified, and 3 linear programming models for determination 
of optimal mixes of these outputs are specified. Activities, outputs, 
and technological production relationships of the medical college are 
specified in detail and estimated using two observations on one medi- 
cal college. Price parameters are determined, and empirical solutions 
to the theoretical questions obtained. The empirical results are not 
generally applicable to other medical colleges. 



2.5 Major Outputs 

Solutions to optimal output mix questions. 



2.6 Assumptions (a)/Constraints (c)/Hypoth8ses 

(a-1) The models used in this study are static under conditions of 
certainty. 

(a-2) There are fixed production coefficients in the production of 
each output. 

(a-3) ■ le production function is homogeneous of degree one in factor 
inputs * the given set of production processes are the most 
efficient. 

(a-4) Additional factors of production can be purchased on the mar- 
ket without affecting factor prices. 

(a-5) The cost function for any given output is homogeneous of degree 
one (marginal cost-average cost). 

(a-6) There are no stochastic processes affecting input coefficients. 

(a-7) For predictive purposes, the input coefficients are assumed to 
remain constant over the planning period., 
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(a-8) There is no cost of adjustment of fixed factors to alterna- 
tive production activities. 

(a-9) EdMcational inventories (students) are assumed to be fixed 
fv:;;crs of production in any given time period. 

(a-10) ihere is no Inventory cost to the medical college of carrying 
educational inventories over to. future periods of production. 

(a-n) Equipment services and personnel services are assumed to be 
used at full capacity. 

(a-12) There are no factor Indivisibilities in production processes. 
(c-1) For individual constraints see discussion in section 3.2. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Linear Programming 

^.g Model Charac teristics 

Three linear programming models, each with the same objective 
function to maximize the total sales (market price times 
quantities of 'final outputs) of medical education. In the first 
model the objective function is maximized, subject to the con- 
straints that: (1) factor input requirements must not be greater 
than fixed primary inputs available, (2) the required number of 
students in a given year of training must be no greater than those 
who have completed preparation for those years of educational 
programs, (3) the final output demands for some outputs are fixed, 
and (4 the quantities of final outputs are non-negative. The 
second model is identical to the first, with the exception that 
one additional constraint concerned with the quality of education 
has been added, i.e., (5) research and patient service must not 
be less than amounts sufficient to maintain fixed research-student 
and patient-student ratios. In the third model the first con- 
straint noted above is modified to factors which only include 
fixed building equipment and building services, and the 
second Constraint .is replaced by the constraint that the total 
cost of production must be no greater than the budget available 
to the medical college. The rationale for developing this 
latter model is to provide a model more realistic than the initial 
model for medical college planning purposes. 
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3.3 Data Util iz ed 

Data for the study was obtained from effort reports submitted by 
faculty members ahd other personnel of the University of Iowa 
Medical College In 1967-58 and 1968-69. 



3.4 Input Variables 

(1) A complete list of primary medical education inputs. 

The Inputs chosen are: 

Professional services by subject taught 
Associates in teaching and research 
Assistants in teaching and research 
Residents by year of residency 
Interns 

Administrative personnel 
Other professional personnel 
Technical service personnel 
Office clerical personnel 
General service personnel 
Direct supplies services 
Equipment services 
Building services 

(2) A complete list of medical college activities (outputs). 

The activities chosen are: 

General administration 

Undergraduate medical courses by subject 

Medical education by year 

Medical degrees 

Other education by type 

Research 

Special service and programs by type 
Patient services by type 



3) 
4) 

(5 



Estimates of prices associated with medical education Inputs. 
Estimates of prices associated with output activities of medical 
colleges. 

Desired leveU of future medical college outputs. 

Input coefficients of medical school production. 

Educational tjual.ity measuv*es (i.e., patient^student and research* 

student ratios. 

Total Medical college budget. 

Other medical college parameters associated with various classes 
of students t subject categories taught» type of medical service 
provided^ etc. which are 1 isted in illegible charts in above 
reference. 
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3.5 Output Variables 

Solution to optimal output mix for the medical college given the 
resources available and institutional constraints. 



3.6 Veri f i cation/Appl i cabi 1 i ty/Rel i abi 1 i tv 

Subject to the availability of data and the applicability of the 
model to other medical collegesj the model should provide a mechanism 
to evaluate the cost of alternative medical college production modes. 



3.7 Computer Characteristics 



None identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 
Hospital Planning Model 

1.2 Developer's Name, 

Stephen S. Lazarus, University of Rochester 

1.3 References 
Lazarus, 1971 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

Implementation of a linear progrannlng model for hospital planning. 
Model development was supported by US Bureau of Naval Personnel. 

I 

2.3 Scope and Subject 

Hospital planning model used to evaluate a proposed hospital plan 
for three different objective functions. 

2.4 Abstract 

A hospital planning model Is developed with a linear' progranml no struc- 
ture. The planning variables Include the number of beds allocated to 
each service, operating room capacity for each surgical specialty and 
capacity for each of the ancillary services. The model U used to eval 
uate a proposed new hospital plan for an 805 bed teaching hospital. 



2.5 Ma^or Outputs 

Optimal values of decision variables to maximize objective function. 
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2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 
(a-1 



(a-2 

.(a-3 
(a-4 

(a-5 
(a-6 

(a-7 

(a-8 

(a-9 
(a-io 

Ml 

(a-12 
(a-13 
(e-1 

(e-2 

(e'3 



Each potential patient to arrive at the hospital can be 
unambiguously assigned to one admitting service. 

Classification of a potential patient by his age, sex, and 
admitting service Is sufficient td estimate his expected 
"social welfare value" to the connunlty and requirements, 
for hospital -supplied goods and. services (one technology). 

The objective of the comunlty Is to have the hospital ^ 
maximize the net difference In perceived social benefit of 
hospiUlization and the cott of providing thrt care. 

The technology of the hospital is adequately describii% 
a linear relationship between output of services and Inputs 
of resource. 

The time period for the analysis Is fixed but arbitrary. 

Patient admissions can be complettiy controlled by the 
hospital. 

Purchase and operatldn of egulpment and personnel Is con- 
trolled by the hospital administration* 

The social welfare resulting froM hospitalization Is 
adequately described by a linear function of patients and 
resources. 

A maximum demand for each patient class can be forecasted 
for the time period under analysis* 

Medical technology and acceptable wedlcel practice procedures 
are constant during the time period under analysis. 

There is no discrimination between paying and nonpving 
patiertts. 

The hospital is tn independent health care systna. 

Rates and fees are held constant In the analysis. 

Total requirement of fixed resources must equal the available 
fixed resources. 

Total requirement of variable risourees (staff and supplies) 
must equal the available variable resources. 

The amount of capital facilities from the eumint planning 
period must not exceed current capacitiy* 
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(c-4) Specified space constraints cannot be exceeded in the 
planning period. 

(c-5) The maximum number of patients In each group is less than 
or equal to a preselected bound. 

(c-6) The total cost of purchasing new facilities or equipment 
replacing existing equipment is less than or equal to the 
capital budget. 

(c-7) The total staff and supply costs must not exceed the 
operating budget. 

(c-8) The hospital income equals hospital costs. 

(c-9) Number of beds required for patients in each group is 
bounded by the maximum number of beds allowed. 

(c-10) The maximum number of beds to meet residency and training 
program requirements is greater than or equtfl to the number 
of beds available. 

(c-11) The total number of staff in each category has an upper 
bound. 

(c-12) Patient mix must be compatible with current medical practice 
(e.g., newborns are admitted with their mothers). 

(c-13) The numbers of patients, facilities, supplies, personnel are 
all non-negative. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Linear Progranmlng 

3.2 Model Characteristics 

Optimal solutions are derived for three objective functions, a social 
welfare function formulating the perceived net gain in value to hos- 
pitalizing a patient belonging to a particular class, a quasi produc- 
tion function concerned with hospital income from patient billings, and 
a total hocpital admissions function. Each function is maximized for 
a planned 805 bed hospital subject to the thirteen constraints listed 
in section 2.6. In this application there are 258 constraint rows 
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(206 of which are upper bounding for single variables) and 180 patient 
variables, 56 capital facility variables* and 3 staff variables. Model 
extensions are given to modify the assumptions of hospital Independence 
from other components and the linear relationship describing hospital 
technology. 



3. 3 Data Utilized 

Data was obtained from computer accounting records of Strong 
Memorial Hospital, Rochester* New York. 



3.4 Input Variables 
Patient variables: 
(1) Sex, 

2/ Age, (less than one year, 1-14, 15-44, 45-64, nwre than 65), 
3) Admitting service (general surgsry, neuro, ENT, eya, plastic, 
urology, orthopedic, oral, pediatrics. Intensive, general 
medicine, neurology. Intensive, pediatrics, psychiatry, 
rehabilitation, gynecology, obstetrics). 

Capital facility variables: 

(4) Beds (bassinets, pediatric, adult. Intensive care, extended 
care, obstetric)* 

(5) Operating rooms (general, neurology, ENT, eye, plastic, TUR, 
orthopedic, gynecoloov, minor surairles), 

(6) Ancillary services (blood bank, cnest lab, clinical chemistry, 
heart station, hematology. Inhalation therapy, microbiology, 
obstetrlcs/gynecologyi pathology, phaniiacy, rehabilitation, . 



Staff variables: 

(8) Personnel (bed and operating room support personnel, laboratory 
technicians, physicians), 

(9) Minimum bed requirements for 6 resident programs. 



3.5 Output Variables 

Optimal bed service allocations for differtnt objective functions • 
maximize billings, maximize tecl4l benefit at least equals cost, 
and maximize admissions. 
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3.6 Verification/Applicability/Rellabnitv 
No verification studies were performed. 

3.7 Computer Characteristics 

IBM 360/65 - Each run required 120K and less than 1 minute of 
CPU time 
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1.0 IDENTIFICATION 



1.1 DesgHptive Title 

Forecasting Model of Manpower Requirements In the Health Occupations 



1.2 Oeveloper's Name 

Dennis Maki, Iowa State University 

1.3 References 
Maki, 1967 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Completed and the employment forecast tested by comparison to 
actual employment data. 



2.2 Purpose and Sponsor 

To develop a model within which to analyze the nature of the supply 
of and demand for health manpower. The model Is part of a PhD dis- 
sertation, field of Economics. 



2.3 Scope and Subject 

Forecasting manpower requirements and employment In the health Industry 
In 7 health services: short-stay hospitals, nervous and mental hos- 
pitals, "other" hospitals, physicians' services outside hospitals, 
dental services, environmental health services, "other health" services 
and 20 health occupations listed In section 3.5. 



2.4 Abstract 

A quadratic programming model Is developed to estimate demand* supply, 
excess demand, and employment for each of twenty health occupations* 
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A detailed methodology Is presented for the estlimtlon of employment* 
utilization of services* technical coefficients* and the demand co- 
efficients for 1950* and the estimation of regression equations for 
forecasting these variables to 1960. The quadratic objective func- 
tion to be minimized In the model represents health manpower require- 
ments as modified by supply restrictions. Employment forecasts are 
generated by recursive solution of the quadratic program for 19S1-1960 
and tested by comparison to actual employment levels. 

2.5 Major Outputs 

Forecasts of employment* supply* demand* and excess demand In the 
health occupations. 

2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) The objective function Is the objective of the health Industry* 
not of society as a whole. 

(a-2) Age and sex distributions remained constant over the forecast 
period. 

(a-3) Relative wage rates are measures of relative marginal value 
products. 

(a-4) There exists some form of total resource constraint. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Quadratic Prtigrammlng 

3.2 Model Characteristics 

The model minimizes a quadratic objective function of excess demand 
for health manpower (the difference between demand and employment 
for each manpower category at some target date T) subject to four 
constraint Inequalities; maximum percentage Increase and decrease 
possible In number of workers each time period* non-negative employ- 
ment levels* and a total resources constraint. The model forecasts 
5-15 years Into the future. 
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3.3 Data Utilized 

Sources for the data used in the regression equations Include (5), 
(14). (20). (115). (140). (126). (142). (86). and several US Public 
Health Service Publications. Series 10 and Series B. 



3.4 Input Variables 



Utilization of services. 

Technical coefficients (number of health personnel by occu- 
pation that the industry actually employes per unit level of 
demand). . , 

(3) Demand coefficients (number health industry would like to employ 
per unit level of demand). 

(4) Average annual earnings in occupation. 

(5) Total resources available to health industry for earnings. 



3.5 Output Variables 

Employment by occupation. 
Demand for health manpower by occupation. 
Supply of health manpower by occupation, and 
Excess demand for health manpower by occupation. 

Occuoations Treated 



I 

:1 

9 
(10 
11 
12 
13 
14 
15 
jl6 
17 
18 
19 
20 



physicians (active, non-military). 

Pharmacists. 

Chiropractors. 

Dieticians and nutritionists. 

Medical laboratory technicians and technologists. 

Medical X-ray technicians and technologists. 

Opticians. 

Lens grinders and polishers. 
Optometrists. 

Psychologists (clinical and other health). 
Occupational therapists. 
Physical therapists. 
Dentists. 

Dental office assistants. 
Dental hyglenists. 
Dental laboratory technicians. 
Professional nurses. 
Practical nurses 

Aides, orderlies and attendants, and 
Siainltary engineers and sanitarlens. 
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3.6 Verlflcatlon/Appllcablllty/Rel lability 

The employment by occupation In 1960 Is "predicted** by the Radel 
utilizing base period data. These prediction figures are compared 
with actual figures and against the accuracy of results obtained 
using a "naive" regression model . The naive model forecasts total 
employment for the twenty occupations considered with an error of 
Z.3% while the quadratic program model forecast error was only 0.02X. 
The Individual percentages of error for each of the occupational de- 
mands with both models are compared and the quadratic programming 
model Is shown to definitely outperform the naive model . The model 
developed Is Intended to be useful for a five to fifteen year plan- 
ning period. 



3.7 Computer Characteristics 
IBM series 360 computer used. 
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1.0 IDENTIFICATION 



1 .1 Descriptive Title 

A Simulated Health Service Queue 



1.2 Developer's Name 

John H. Moss, Center for the Environment and Man, Inc. 



1.3 References 
Moss, 1970 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Completed, and a number of different types of runs made. 



2.2 ■ Purpose 

To develop measures of efficiency of health service nodes In terms 
of skill level requirements, skill level usage, and slack times as 
opposed to service times, to develop cost factors associated with 
health service nodes, to provide the basis for evaluating alterna- 
tive personnel structures, skill type, and skill levtl requirements 
for providing health services, and to provide the basis for develop' 
Ing optimal service unit size for rural beneficiary populations. 



2.3 Scope and Subject 

Simulation of health service activity In terms of personnel, faclil' 
ties, and consumables. 



2.4 Abstract 

The simulated health service node essentially consists of a queue (rig 
model with oatNillel service channels with randomly distributed 
arrival and service times. Each service node is characterized by a 
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set of parameters describing the type of service, the nature of 
service, the skill level required, the cost of service, the forw of 
serv ce time d stribution (i.e.. negative, experimental. nonwV, 
etc.) and service time distribution characteristics (i.e.. mean 
standard deviation, etc.). The model is used to describe require- 
ments for a utilization of personnel services, medical facilities 
and equipment «nd consumable supplies. In each case the model 
characteristics are identical (I.e.. nature of service, facility or 
consumable all described as diagnostic, therapeutic, preventive, etc.). 
Given the statistical distributions governing arrival and service 
characteristics, the mocJel provides such inforwation as the number 
of arriva s and departures in a time period, nuiber in queue, total 
serv ce time. etc. With additional information such as cost of 
service, facility or consumsble. and personnel skill merit figures, 
the model also provides estimates of efficiency and cost. 

2.5 Major Outputs 

Nature, cost and efficiency of the service. 

2.6 Assumptions (a)/Constra1nts (c)yHypotheses (h) 
(«-l) Service Is a stochastic process 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Ty pe 

Simulation, queueing model 

3._2 Model Characteristics 

A simulation model of a standard queue whose arrival and service 
iJ"?*.?*'!.9overned by random variables. Four random variable 
distributions, negative exponential, normal, uniform, and constant 

sJS!i;r!i^!if°rp?!:*i?^ "^i^^ provisio!!* fS? six 

additional distribution forms. Argument presented for considering 
constant value arrival times. ^viLiutrniig 

3.3 Data Utlllied 

The simulated health service node was tested using emplHeal data 
developed from local health service units. » v wi* 
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3.4 Input Variables, 
Type of Service 

Diagnostic 
Therapeutic 
Preventive 
Administrative 
Is) Housekeeping 

Nature of Service 

6) General Physical 

7} Dental 

8 Nutritional 

9) Environmental 

(10) Social 

11) Mental 

12) Administrative 
|13) Housekeeping 

Skill Level 

(14) Years of training after high school 
Cost of Service 

(15) Cost ptr specified period 
Type of Service Time Distribution 

(16) Neoatlve Exponential 
17} Normal (Gaussian) 

18) Constant Value 

19) Rectangular 
;20) Empirical 

service Time Distribution Characteristics 

(21) Mean and standard deviation as well as distribution shift 
Arrival Time Distribution Characteristics 

(22) Constant value 

a.s Output VarlabUs 



(1 
2 
3 
4 



Cost of service per unit t1me» . ^ j ^ 

Characteristics of service time (mean and standard deviation) 
Type of distribution accessed» 
Clock reading to date 
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"S. number of arrivals in the time period, ' 
Number of departures In the time period, 

7/ Unexpired time In service channel, 

IS) Number In queue, 

(9) Average number In queue for period, 

■y) Average number In queue to date, 

01) Total slack time to date, 

(12) Total service time to date, 

v13j Efficiency rate, 

(14) Cost to service to date, 

(15) Cost to date, 

(16) Total number of arrivals to date, 

(17) Total number of departures to date. 

3.6 Verlflcatlon/ADDllcabnitv/Rellabnitv 

The results of this development have been tested on a computer using 
empirical data developed from local health service units and have been 
found to provide good replication of the health .activity. 

3.7 Computer Characteristics 

The sliTtulatlon Is coded In Fortran IV and runs on an IBN 360/40 
computer. The program occupies approximately 40,000 bytes of 
core storage. Operating time per service channel per unit time, . 
excluding print-out. Is less than 1 nllllscond. Program operating 
Instructions are Included. • r » 
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1.0 IDENTIFICATION 



1.1 Descriptive Titl e 

A Markov Model of Medical Care Utilization 



1.2 Developer's Natn e_s 

Vicente Navarro, Rodger Parker and Kerr L. White, Johns 
Hopkins University 



1.3 References 

Navarro, 1969, 1970, Navarro 4 Parker, Undated, 
Navarro, Parker & White, 1970 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Theoretical models formulated and Illustrated by hypothetical 
examples. 



2.2 Purpose and Sponsor 

To develop a model for health planning, taking Into consideration 
the Interrelationships among the subsystems of the health care 
system. Model development sponsored by the National Center for 
Health Services Research and Development. 



2.3 Scope and Subject 

Model predicting proportions of the population In different health 
care states, for prediction, simulation, and goal seeking. Demand 
for health care (utilization), demand for resources. 



2.4 Abstract 



The Markov model for health planning consists of seven health 
services states (type or medical dare currently being received). 
This model of health services utilization is expanded to include 
varying rates of utilization among age groups and the stochastic 
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and deterministic processes that determine changes In size and 
age structure of the wpulatlon. Using hypothetical data, the 
model's use In health planning Is Illustrated. by (1) forecasting 
the fractions of the population expected to be In the various 
health service states requiring preestabllshed amunts of resources, 
(2) simulating the effects of changing the patterns of referral 

transitional probabilities, and (3) minimizing or maximizing a 
chosen objective function on cost, service etCt, by selecting the 
optimum transitional probabilities between states. In each case, 
productivity parameters must be chosen to predict the amount of 
resources (manpower and facilities) required by each group for 
each component of the health care system. 

2.5 Major Outouts 

Dependent on Inputs and use of the model, prediction of health 
services utilization, utilization patterns as a result of changes 
In the system, or optimal transitional probabilities. 

2.6 Assumpti ons (a)/Constra1nts (cUHwathMft 

(a-1) Transitional probabilities do not vary with time. 

(a-2) Each person In the population at any point In time 

belongs to one and only one of several mutually exclusive 
states of a health services system. 

(a-3) The transitional probability of going from one health 
services state to another depends solely on the patient's 
current state. 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 

Finite state space, discrete time. Homogeneous Nirkov chain. 

3.2 ftodal uharaeterlstles 

The model consists of equations to detemlne the fractions of 
the population at each state at different time periods, the 

SllJlhWffi l!lJ5!.**«*a •'^A*«r<?« of"rant1t1onal 
probability iwtrlces. The number of health service states have 
been chosen arbitrarily and can be extended 1ft icce^ with the 
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complexity and comprehensiveness desired and data available. The 
fractions of the population at each state, at different time 
periods, equals the number of people in that health services state 
at that time, divided by the total number of people In the region 
served by the system at that time. The transitional probability 
equals the number of people who are transferred from state 1 to 
state j during the defined time period divided by the number of 
people in the state i at the beginning of that period; it defines 
the movement of people within the system and reflects functional 
relationships among the states. 

3.3 Data Utilized 

The model was developed using data from Soottieh Hoapitat Xf^patient 
statietioBt 196 St Edinburgh: Scottish Home and Health Department, 
1967. Examples are given using hypothetical data. 

3.4 Input Variables 

(1) Population's initial distribution among health care states 
by age groups. 

Utilization of health resources by this population. 
Number of physician visits to each person U\ various states 
or similar productivity parameters. 
Demographic parameters of population growth. 
Transitional probabilities representing all possible move- 
ments of people among the health service states, 

(6) For simulationj new set of transitional probabilities 
reflecting simulated changes in the system, 

(7) For goal seeking; desi.'ed future steady states, desired 
number of resources in that state, and chosen objective 
function. 

3.5 Output Variables 

(1) Prediction? utilization of health services in each state of 
care by each age group during a selected period of time, and 
the resources required to satisfy this demand. 

(2) Simulation estimates of effects of changes in the demographic 
utilization or productivity parameters on the resources 
required in each health service state. 

(3) Goalrseekings solution of the objective function; the transi- 
tional probability matrix which defines the alternative designed 
to minimize the constraint selected. 
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3.6 Ver1f1cat1on/ADPl1cabnity/<^eHabnity 

The model Is Internally valid and may be applied to any period of 
time over which the transition probabilities may be considered con- 
stant. The model Is flexible, potentially uppllcablt to various 
populations for the purpose of prediction* simulation, and goal 
seeking. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

A Birth-Death Markov Process Model of Mortality Caused by 
Specific Causes 

, 1.2 Developer's Names 

Jorge Ortiz and Rodger Parker, Johns Hopkins University 

1.3 References 

Ortiz & Parker, 1971 

.2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

Health Organization. 

2.3 Scope and Subject. 

Model for describing fertility rates and mortality rates by disease 
and age for a given population. 

2.4 Abstract. 

f!ltur™m°t«11ty caused by specific disesses. Model Is used In 
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conjunction with 1963 data from Costa Rica to estlnwite life expec- 
tancy gains due to hypothesized iportallty reductions and provide 
both transient (Immediate effect) and steady-state (long range) 
estimates of mortality, fertility and life expectancy. 

2.5 Major Outputs 

Predictions of life expectancy, deaths by age and disease, and 
population structure. 

2.6 Assump tions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) At any given time a person can be In only one state. 

(a-2) Women younger than 10 or older than 50 are assumed Infertile. 

(c-1) Only the female population Is considered In the study. 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 

. Simulation, life-death Markov process 

3.2 Model Characteristics 

Finite homogeneous Markov chain with absorbing barriers (the five 
states of death) and a forcing function representing births. Tran- 
sition probabilities between age brackets and to various death 
states are assigned or empirically estimated. 

3.3 Data Utilized 

The niethodology was applied to data from Costa Rica for 1963 obtained 
from (48) In the Data Source Index and from Keyfltz, N. and Fleeger, W., 

rM«/T^''*^'^«22^ i4naZ^«ia of Htat Data, Chicago, University of 

Wo*'^*' Organization's Voptd 
Health StatiBtioe AmmUimt Vol. 1, 1964, 

3.4 Input Variables 

II «9e Interval and group of diseases^ 

2 Specific fertility rates by age Interval, and * 
(3) Transition probabilities between life and specific l^pis of death. 
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3.S Output Variables 

Detemi nation of life expectancy 



3.6 Verification/ADDl icabi l ity/Rel iabil ity 

The model may be used for long-range planning. The original simulation 
was not verified. The model's reliability is dependent on the relia- 
bi^S of the trinsition probabilities and the length of time over 
which the transition probabilities may be considered constant. 



3.7 Computer Characteristics 
None identified 




205 



Rl 

1.0 IDENTIFICATION 



1.1 Descriptive Title 

A Production Function for Physician Services 

1.2 Developer's Name 

U. E. Relnhardt. Yale University 

1.3 References 

Relnhardt 1970, 1972i Relnhardt & Yett, 1972 

2.0 GEflERAL DESCRIPTORS 

2.1 Development Status 
Completed 



2J Purpose and Sp onsor 

To measure the Influence of Inputs, especially 5«d!c«l J^J"* ;»> 
phySldSn output. PhD dissertation, supported by the US Pubi c 
Talth Service. Medical Economics J^c.. and the Canada^C^^^^^^ 
Study also supported In part by Conmunlty Profile Data center. 

2.3 Scope and SuJect 

The production function of the general practitioner. In solo or 
si »gle-spec1al1y group practice. 

2.4 Abstract 

Production function analysis Is used to examine tj? !?"1SJ11*{ 
orofltabinty of substituting paramedical personnel for physician 
-Effort and t{!e relative effe?t?veness of solo and group practice. 
Physician production functions are estimated and regression equa- 
tions empirically obtained estimating the functions. Output 
indices estimated are total weekly patient visits and annual 
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patient billings. Using these results, the effects of group prac- 
tice, physician hours, capital and number of aides on physician 
output are examined and the optimal level of paramedical personnel 
determined. Possible ways In which physician productivity may be 
enhanced are Indicated. The findings are quite consistent with the 
economic theory of rational utility maximization, and Imply that 
public policy measures to alleviate a physician shortage through 
increases In production must encourage the use of more aides by 
practicing physicians. 

2.5 Major Outputs 

Measures of physician output In terms of Income and expenses, 
physician's weekly rate of office, hospital and home visits with 
patients, the number of hours per week spent by the physician on 
various professional activities, number of aides employed and their 
salaries, physician's medical specialty, formal organization of 
practice (solo or group). 

2.6^ Assumptions (a)/Constra1nts (c)/HyDotheses (h) 

(a-1) The physician seeks to maximize a utility function In 
Income and leisure. 

(a-2) There exists a strong correlation between the number of 

patients a physician sees and/or his annual patient billings 
and the volume of service he renders. 

(a-3) Physician's capital can be treated as a substitute for 
physician hours and aides. 

(a-4) The technology Involved Is common to all physicians of the 
same specialty and mode of practice. 

(a-5) The mix of services provided by responding physicians was 
roughly constant over the sample. 

(a-6) Either there are no essential differences In the quality or 
services provided by the various physicians In the sample, 
or such differences will not systematically affect the Input- 
output relationship as It Is expressed In this analysis. 

(a-7) Two part-time employees are equivalent to one full-time 
employee. 

(a-8) An Increase In the physician's hourly patient load. If 

achieved through added employment of paramedical aides, will 
not cause a deterioration In the quality of services produced 
by the practice, 
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3.0 TECHNICAL DESCRIPTORS 



Model Type 
Regression Analysis 



Model Characteristics 

Single equation multiple regression estimates o^P«^<*";*J?" ["JJ: 
t ons for 4 specialities OPs. Pediatricians. OBG specialists and 
IntSrnlsts). 8-16 Inputs for each function. The followlna provides 
the functloSal relationship between the dependent (output) jnd 
Independent (Input) variables listed In sections 3.5 and 3.4 re- 
spectively. 



Dependent Variables 
(1) - General Practitioners 



I 



1". 



- Pediatricians 

- Obstetrlclans-G^ynecologlsts 

Internists 
All Specialties 



Independent Variables 
(l)-(9). (14)-(16) 



a Data Utiliz ed 

Data was obtained from^two ll«t<2"wide surveys of self -employ^^ 
American physicians undertaken by Medical Economics, Inc., ises 
and 1967. 



4 Input Variables 

(1) Number of strictly practice-related hours worked by the 
physician per week. 



Number of registered nurses per physician, 
Number of technicians per physician* 
Number of office aides ptr physician. 
An Index of capital usage, In hundreds of dollars. 
Physician population ratio of state In which physician 

Krcentage of hospital visits In total visits. 
Percentage of home visits In total visits. 
Single-specialty groups or solo practitioners. 
Years the physician has been In practice (less than 2, 25 

(11) Per capita Income of state In which physician practices. 



2) 

4 

5 



8 
9 
(10 



•1 31) 
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(12) 
13 
14 

16 



3.S Output Variables 



Log of average fee per visit, 
Year of observation (1967 or other), 
Total number of aides, squared. 
Log of capital usage, and 
Lod of number of hours worked. 



Patient visits per week, and 
Aggregate annual patient visits. 



3.6 Ver1f1cat1on/App11cab111ty/Re11ab111ty 



Applicability of the model Is dependent on the degree to which 
medical technology and other variables have changed since 1965 
and 1967, the survey years from which date was obtained for 
parameter estimation. The developers state that Interpretation 
must be made with caution due to conceptual difficulties end data 
limitations. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Health Manpower Requirements Simulation ttodel 

1.2 Developer's Names 
Research Triangle Institute 

1.3' References 

HorvUz 1970, Kennedy 1970., Research Triangle Institute 1972. Horvitz 1969, 
Shah 1972; Kennedy 1972. cJmeron 1972. Cooley 1972. Hartwell et a1 19/2. 
Horvitz et a1 1972, 

2.0 GENERAL DESCRIPTORS 

2.'i Development Status 

Completed . 

2 .2 Purpose and Sponsor 

To develop simulation models to be used in the estimation of health 
manpower requirements. 

2.3 Scope and Subject 

Health manpower requirements of five hospital functions. 

2.4 Abstract 

The computer simulation hospital manpower model has three component 
models. 

(1) POPSIMj a demographic model for projecting populations, such as 
the civilian resident population of the US. forward year by year 
by age, race, sex, marital status, residence (metropoHtan vs. 
non-metropolitan) and family income. POPSIM,. a microsimulation 
model, consists of two computer programs. The first is 



|er!c 



1 O '. w 



210 



f2S5«!l ^l5^5!!^!^2 ^r^^r*^ J° ^^^^^^ generate a sample popu- 
lation of individuals in the computer from some base Dooulation 

^^5^^^"* population. spldfiSf by'^a^et 0^^ 
parameters. The second program is SIMRUN which projects or advances 
the computer population created by POPGEN) forward In tima. 

bSs S "?L^li5?c^!*?.^''^^'"S*^°^ 0" « competing risks 
t?IJs^ti^5^ DrSbL?m5S!' are defined by means of conditional 
5tmK 5? Pi^oaD^llt^es, the principal input parameters to 
Si^'^cinil^V®'!^!*"* '"^PV*®** population il equivalent to a ran- 

5.2^ */?*"'5 PJP"^«t<on at the end of the time period. 
l^llitt i5fi!;5?^ '"J it® parameter values chosen are. In fact an 
accurate reflection of the current and future reality for the sinw" 
I'^tJ'^lt PoP"l*tion. The output of POPSIM for a gIveS slSSutiSS 
?nmIS?:J"S tl the input to HOSPEP. the swond 

component of the hospital manpower model. 

HOSPEP: A stochastic model for simulating utilization of short-tftrm 
general hospitals for a selected time period by "computer pSpu- 
lation projected for the same time period by POPSIM; The HOSPEP 
computer program classifies each inSlvldual^n a Mjulitlon fiU by 
hospital insurance status and generates a hospital episode history; 
JShJ*:.^^??^**^ admission and discharge dates for the indlvlSS^ 
ihllSL*^® period, together with the diagnosis (l8 classes). 
?^?*i!rh'in3!S was perfomed or not. and the bedsize of the hospital 
lHL!!?5«®P^5°^®^4^y the input parameters which daterSini 

l!!>°"*[**®'*i diagnosis, surgery status, hospital size and length 
of stay, the model projects the resultant changes in utilization. 
AMf«L!?Jj?/:S^*P*^? I" the sense of having parameters which adjust 
automatically through interaction with resource constraints in the 
hi'tipital care delivery system. 

HOMANs ^An aggregate deterministic model which converts hospital 
utilization data for a specified time period (e.g.. the HOSPEP outouti 
into the manpower reciuired to provide Particular hSspital services. 

JL^f^Sr**;''^ Physical therapy. Four factors enter 

into the estimate of manpower requirements*, nSely, 

(a) demand for services (adnissions, days of care). 

(b) care requirements (units of work or service per unit 
of demand) 

(c) personnel performance (man-hours per work unit) 

^d) P|J^^JJ®| utilization (conversion to a specific manpower 
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The product of these factors, together with a personnel -man-hours 
conversion factor, provides the number of personnel required by 
diagnosis, type of service and hospital size. The total manpower 
required in a given category is estimated by sumning over diag- 
nosis and hospital size. 



2.5 Major Outputs 

Creation and projection of population characteristics, a hospital epi- 
sodes history for each individual in the ;initial population, and esti- 
mates of the number of required hospital personnel and personnel man 
hours by hospital size and personnel category. 



2.6 Assumptions (a)/Constraints (c)/Hypotheses (h) 

(a-1) There is a hospital bed available for every episode generated. 

(a-2) In generating the date of an event it Is assumed that no other 
events happen to the individual in the interval. 

(a-3) For a given race, residence, type and household and age of head, 
the log-normal distribution adequately represents the distribu- 
tion of family income. 

(a-4) Mean family income can chaijge over time. 

(a-5) Full-time employees are paid 40 hours per week. 

(a-6) The personnel man-hour ratio does not change with time. 

(a-7) Manpower requirements are linearly related to some measure of 
demand. 

(a-8) The time trend exhibited in the requirements and performance 
parameters is linear. 

(a-9) The interaction among the model factors is insignificant. 

(a-10) The resources of personnel and facilities are limitless. 

The following assumptions apply to P0PSIM 

(a-11) The parity distribution is a mixture of Poisson and geometric 
distributions. 

(a-1 2) The distribution of the age of the spouse is assumed to be log 
normal with mean u and standard deviation oi the parameters u 
and 0 are assumed to be the polynomial functions of the age of 
the Individual . 
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(a»13) The distribution of the duration of marriage Is assumed to be 
a beta distribution; the two parameters are assumed to be 
polynomial functions of the age of the wife. 

(a-14) For husbands of a given age* the wives' ages have a lognormal 
distribution, with mean p and standard deviation o. The par- 
ameters n and 0 are adequately represented by a fourth-order 
polynomial function of the age of the married males. 

(a-15) For a fixed age of wife and number of times married, the distri- 
bution of length of marriage can be described adequately by a 
beta distribution scaled to cover the whole Interval from age 
15 to current age. The two parameters are assufi«d to be poly- 
nomial functions of the woman's age. 

(a-16) No births can occur to females under 15 years of age. 

(a-17) The proportion married once only and married more than once Is a 
function of age. 

(a-18) Birth rates In previous time periods for each age-parity are 
quadratic functions of time. 

(a-19) Death rates are constant over time. 

(a-20) Proportions change llraarly from midpoint of one age group to 
the next. 

(a-21) Birth probabilities remain constant over the entire simulation 
period. 

(a-22) Marriage probabilities remain constant throughout the simulation 
for women with given age and marital status. 

(a-23) Divorce probability remains constant over each Interval of dur- 
ation of marriage specified by the user. 

(a-24) Distribution of age of groom remains same over time for the 
given age of bride. 

Hospital Service Model 

(a-25) The variance of the model parameters does not have a significant 
effect on the model's estimates. 

(a-26) The measurement of personnel manpower requirement to treat each 
disease is a constant value even when alternative rnethods may 
be employed by different personnel to treat the same ailment. 

(a-27) Each size hospital has the same care requirement distribution but 
with different average care requirement values. 
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3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Stochastic Simulation 

3.2 Model Characteristics 

The general form of the hospital service model is given by: 

\ " ^sC^i^is'^ish^Psh'^sh^shj 

where M = estimated manpower requirements at time t ^ 

D = demand for hospital services during time period t . ^ . 
R = care requirements on the number of work units per unit demand 
P = man hours required to perform a unit of work 
K = conversion factor for changing man hours into personnel 
U personnel utilization or delegation of personnel to a specific 



j « inderfor*^specif1c manpower category (12 categories included 

s = inde!l*of°hospital size (8 categories included in model) 
1 = index for diagnosis (18 categories included in model) 
h - index for hospital service (5 modeled) 

Five hospital services are modeled: clinical laboratory, radiology, 
pharmacy, physical therapy, and nursing. 

3.3 Data Utilized 

Data from the Health Interview Survey and She HosDital Discharge Survey, 
both conducted by the National Center for Health Statistics, and from 
the Bureau of the Census Current Population Survey was used in the 
hosDital episodes model. Sources for other data used include (115), (88), 
aSd 89) in the Data Source Index. Data for the Hospital Manpower Model 
ml JbtSilSd from the American Hospital ;s?o«JSJJ<>|;' P J'i, i*^^^^ 
strative Service (representing approximately 2000 hospitals for the 
tiSI peHod July 968 to Septimbef 1971), and from the Survey of Man- 
power Resources in Hospitals conducted durir.g the week of April 17, 1966. 
Care requirement data as a function of diagnosis was obtained for a 
sJSdfic hospital . Charlotte Memorial Hospital, from Medi-Oata. repre- 
senting data on all patients admitted a^.d discharged between March 21, 
1972 and April 30, 1972. 
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3.4 Input Variables 

Population simulation model : (P0PSIM) 

(1) Size of Initial population* 

(2) Proportion of Individuals In each of eight sex-mar1ta1 status groups* 

(3) Proportion of Individuals 1;i specific age, groups for each Sttx and 
marital status class* 

(4) Probabilities with which married females are classified as re- 
married or not* 

|S) Parameters to assign age of husband given age of wife* 
\6| Parameters to assign age of wife given age of husband* 
,7) Parameters to assign date of current marital status* 
.8 Monthly birth probabilities by age* parity and marital status* 
(9) Monthly death probabilities by age group* sex and marital status* 
10 1 Parameters to assign parity to widowed or divorced females* 
11, Monthly divorce probabilities by IntervAl since marriage or by age* 
12 Annual marriage probabilities for females by age and marital status* 
13) Parameters to determine the marital status of the groom given that 
of the bride* 

(14) Bivariate distributions pf ages of brides and grooms for first 
marriages and remarriages. 

Hospital episodes model 

(1) Conditional probabilities of having health insurance by age* race 
and family income. 

(2) Parameters to determine hospital admission dates by race* ase* 
family Income /and hospital insurance status* 
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Conditional probability distribution of diagnosis by age and stx* 
Conditional probability of surgery^ status by age* hospital 
insurance status* diagnosis* and residence* 

(5) Conditional probability distribution of bedsize of hospital by 
. diagnosis and surgery status* 

(6) Parameters to determine length of stay in the hospital batted on 
age* surgery* diagnosis* family income* hospital insurance status* 
and size of hospital*. 

(7) Daily probabilities for hospital admission for persons in their 
last year of life* 

(8) Parameters to update family income by age* race* residence and 
type of household* 

(9) Information in the population file for each Individual to be 
processed. 

Hospital services model 

(1) Input to this model Is the output from the Hospital Utiliz«t1on 
Program. See section 3.2 for general form of the model. 
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3.5 Output Variables 

Population simulation model 



and 



(1) Distribution of primary Individuals by sftx, r»ar1tal status, 

(2) Distribution of currently married women,. classified by whether 
they have married only once or more than 6nce and by age groups 
identical to those used in 1., ^ . 
Distribution of currently married women by age groups and parity. 
Distribution of never married women by age groups and parity. 
Distribution of currently married women married only once by age 
at marriaqe and duration of marriage. 

Distribution of currently married women who have been married more 
than once by age at marriage and duration of marriage, 
(7) Distribution of the deaths In the population (primary individuals 
only) by age, sex and marital status, , j 

Distribution of births during the Interval by age of mother and 
marital status of mother, i. i. . 4.u- 

Distribution of marriages by age, sex, and marital status of the 
primary individual Involved. 



(6) 



(8) 
(9) 



Hospital episodes model 



6 



(7) 



(8) 



(12) 



Hospital admissions, , . . 

Duration of stay (for each individual). 

Reason for hospitalization (diagnosis). 

Whether or not surgery Is performed, 

Bedsize of hospital individual is admitted to. 

Distribution of the average population for the simulation period 

by age, sex, race, family income, and hospital Insurance status. 

Distribution of hospital discharges by: 

(a) age. ^^^^"^^ Income, hospital Insurance status, and 
days in hospital, 

age, race, sex, and days in hospital, 
age, sex, diagnosis, surgery status, and days In hospital, 
diagnosis, surgery status, and days In hospital. 
Distribution of sample* population by: 

(a) number of hospital admissions, age, race, and sex, 

(b) number of hospital admissions, age, family Income, 
and Insurance status. 

Hospital admissior* rates per 1000 persons by age, race, sex. 
Hospital days per 1000 persons by age, race, and sex. 
Hospital udys by: 

age, race, and sex, 

aqft, family Income, and Insurance status, 
aye, sex, diagnosis, and surgery status, 
hospital diagnosis, and surgery status, 
Average length of stay by age, race, and sex, 
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Hospital services model 

Forecasts of health care demand, resulting manpower requirements, the 
interacting effects upon manpower supply, and the marketplace phenomena 
which provide system equilibrium for 12 personnel categories (registered 
"Hill^li 1!*^®""? practical nurses, qualified nurses' aides, phannacists. 
physic an' s assistants, qualified physical therapists, other physical 
therapists, pharmacist's assistants, medical technologists, cytotechnolo- 
gists, laboratory aides, radiology technologists and nuclear medicine 
and other assistants) and by hospital size. 

3.6 Verif ication/AppI icabil itv/Rel iabiHj^ 

was carried out with P0PSIM for the period 
1960-1970 and compared to census estimates. The HOSPEP computer pro- 
gram was run for the years 1962, 1965 and 1968 using the trended par- 
fJUf.^^j ^^^^^^ output, and comparisons were made with 

NCHS data. Duplicate simulation runs were made to observe P0PSIM and 
the combined P0PSIM and HOSPEP stochastic variation. HOHAN manpower 
estimates were computed for short-stay general hospitals for 1962, 1965, 
1966, and 1968 and compared with other estimates available in the liter- 
ature; the model estimates tended to be low. 

3» 7 COfflPtttetL-Characteri sties 

Population simulation model: written in Fortran for use on IBM 360 
System/Model 50 computers. 

The P0PSIM program which establishes the initial population can generate 
12 samples of 2000 individuals, each with aMeast 7 characteristics in 
less than 2 minutes, using an IBM 3601 Model 75. 

The programs for P0PSIM have been tested under 0S and FORTRAN IV level 
G complied with a core memory of lOOK bytes and two magnetic tapes or 
?1 "iiSeJu *o a "rS./®**'^*' printer.^ Charts are included 

^"^*5fuEfiE?^5 users manual of CPU time for the two P0PSIM models, (POPGEN 
and SIMRUN) for various population sizes. A program listing and a des- 
cription of program logic is included. 
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1.0 IDENTIFICATION 



1.1 Pescrlptlve title 

Oemand for General Hospital Facilities 

1.2 Developer's Name 
Gerald D. Rosenthal 

1.3 References 
Rosenthal, 1964 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 

2.2 Purpose and Sponsor 

To design a formula for. allocation of hospital facilities in accordance 
with expected demand. Estimates utilization of hospital facilities 
and bed needs. Sponsor unidentified. 

2.3 Scope and Subject 

Demand tor (utilization of) short-term general and special non-federal 
hospitals. 

2.4 Abstract 

Utilization of hospital fJcllHies is estimated by^jjst.guarss m^^^ 
multiple rearesslon for 1950 and 1960 data, and the results anaiyzea ana 
JSmpaSed Sver time, A methodology for estimating bed needs for each 
state is presented. 

g.5 Major Outputs 

Estimates of patient days, admissions and average length of stay. 
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2.6 Assuitiptions (a)/Constra1nts (c)/Hvpotheses ( h) 
None Identified 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

The model Is a least-squares linear multiple regression model relating 
the utilization of hospital facilities In a state area to characteristic 
variables of that state area. Regression equations are estimated for each 
of 3 dependent variables, with 12 Independent variables each, for 19S0 and 
1960 data. Each dependent variable 1$ regressed cn all Input variables. 

3.3 Data Utilized 

The data sources utilized In the regressions are listed In the Data 
Source' Index: (10), (11), (52), (115), (146), (14). 



3.4 Input Variables 



1 
2 
(3 
4 
5 
6 
7 
8 
9 
(10 
'l1 
12 



% over age 64, 

% under age 15, 

Marital status, 

Se}< distribution {% male). 

Degree of urbanization {% urban), 

Distribution by race (% nonwh1te)» 

Educational level (% over 12 years education). 

Population per dwelling unit, 

Charges for 2-bed room, 

% over $5,999 income, 

% under $2,000 Income, and 

Proportion with Insurance {% hospital coverage). 



3.5 Output Variables 



(3) 



Patient days per 1000 population. 
Admissions per 1000 population. 
Average length of stay (days). 
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3,6 VeHf Icatlon/Aopl 1cabnity/Re1 lability 

Since the data used to estimate the model parameters applies to 
1950 and 1960, the applicability of the model to current problems 
Is questionable* 



3«7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Geographic Distribution of Physicians and Specialists 

1.2 Developer's Name 

Richard M. Scheffler, New York University 

1.3 References 
Scheffler, 1971 

2.0 GENERAL DESCRIPTORS 

2 .1 DevelocTOnt Status 
Completed 

2.2 Purpose and Sponsor 

Description of the sttie-wld.^ number of physicians per capita. The 
model is part of a PhD dissertation, field of economics. 

2.3 Scope and Subject 

Distribution of physicians and specialists In the United States. 

2.4 Abstract 

Three linear regression models are developed. The first relates the 
distHbution of physicians to variables representing demand for physician 
services, mobility of physicians, and the need for med cal Jacillt es. 
The second model is an expanded and disaggregated vers on of the first, 
estimating distribution of all physicians, G-^- ?• "S^^lJ*! JP?^'^^"** 
Interns and residents. Finally, equation* e><Pl*^" "g ^''fiJJSJf .^^ 
differentials of physicians across the states for 1960 and 1966 are 
developed. 



ERIC 
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2.5 Major Outputs 

Physician-population ratios, net-average income of physicians in 
each state. 

2.6 Assufiiptions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) The physician location pattern deteinnlnes the geographic dis- 
tribution of nwdlcal services. 

(a-2) The supply of tnedical education will not be unused. 



3.0 TECHNICAL DESCRIPTORS 



3»1 Model Type 

Regression Analysis 

3.2 Model Characteristics 

The first model consists of 12 equations: one equation for each of 
the years 1956-1967, regressing number of physicians per capita In 
each state on five independent variables. In the second model, two 
regression equations using 1960 and 1966 data relate the physician's 
average Income to four independent variables. The third model consists 
of six equations, one for each of six specialist fields, regressing 
per capita number on seven independent variables, using pooled data 
(1963-1967). 



3.3 Data Utilized 

Sources of the data utilized in the regressions are listed in the 
Data Source Index ** ' 
(117), (140), and 



Oata^Source^ Index (14). (16), (17), (18), (20), (112), (27), (21), 
(151). 



3.4 Input Variables 

Physician per capita model (PCM), geographic distribution of physicians 
income model (PIM), specialist model (SM). 

(1) Per capita income of e^ich state (PCM « PIM) (SM), 

(2) Number of seats in freshman class in medical school divided 
by the population of each state (PCM) (PIM) (SM), 
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(3) Total number of long-term and short-term hospital beds, divided 
by the population of each state (PCM) (SM), 

(4) Failure rate of state licensing examination (PCM) (PIM) (SM), 

(5) Percentage of population living in urban areas (PCM) (SM), 

(6) Physician-population ratio in each state, lagged ten y^irs (PIM), 

(7) Percentage of internships filled in each state (SM), and 

(8) Percentage of residencies filled in each state (SM). 

3.5 Output Variables 

(1) Number of physicians per 1000 population, 

(2) Net average income of physicians in each state, and 

(3) Per capita number of all physicians, general practitioners, 
medical specialists, surgical specialists, interns, and residents 
(in the US). 

3.6 Verification/Applicability/Reliability 

Since the data used to estimate the parameters applies to 1956-1957, 
it is questionable whether the model is applicable to current problems. 

3 .7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Forecasting Hospital Personnel Availability 

1.2 Developer's Name 

David R. Shaw, Georgia Institute of Technology 

1.3 References 
Shaw, 1967 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 



2.2 Purpose and Sponsor 

Mathematically describe and forecast employee absenteeism and length 
of service for selected classifications of hospital employees. Model 
development supported by the US Public Hetilth Service. 



2.3 Scope and Subject 

Absenteeism (days per month) for full-time employees In 10 categories 
of personnel: clerks, porters, order'iiest maldSi licensed practical 
nurses (white and non-white), secretaries, technologists* mesiengerst 
and elevator operators. Length of service for full-time employees 
in 3 categories of personnel, technologists, messengers, and labora- 
tory assistants in a general acute hospital. 



2.4 Abstract 

Multiple linear regression analysis, the t-test, and analysis of variance 
techniques were used to ascertain the relative importance of selected 
employee variables In explaining the variability In length of service 
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and absenteeism in the 14 job classifications: clerks, porters, 
orderlies, registered nurses, (white and non-white), maids, licensed 
oractical nurses (white and non-white), secretaries, technologists, 
messengers, maintenance assistants, elevator operators, technicians, 
and laboratory assistants. Data Dsed to develop the model was 
obtained from records of terminated employees at the University of 
Alabama Hospitals and c. !n1cs. For length of. service, the regression 
coefficients were significantly different from zero in the equations 
for the 10 categories noted In section 2.3 with significant inde- 
pendent variables, salary, age, length of service on previous job and 
absenteeism rate^ For absenteeism the regression coefficients were 
significantly different from zero for the 3 categories noted in 
section 2.3. 



2.5 Major Outputs 

Prediction of absenteeism rate and length of service 



2,6 Assumptions (a)/Constra1nts (c)/Hypotheses- (h) 

(a-1) Differences In length of service are caused by differences in 
salary. 

(h-1) Mathematical relationship exists among absenteelsin* length of 
service and other quantitatitve employee factors and the 
resulting relationship can be used to describe and forecast 
personnel absenteeism and length of service. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Regression Analysis 



3.2 Model Characteristics 

28 linear regression equations (14 length of service, 14 absenteeism) 
one for each occupational category), each with 5 Independent variables 
were developed. Of these 10 length of service and 3 absenteeism 
equations were within the confidence limits established. The model 
essentially consists of these significant equations. 
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3«3 Data Utilized 

Data was obtained from records of terminated employees at the 
University of Alabama hospitals and clinics for the selected occu- 
pational classifications for the calendar year 1964. The specific 
variables are those listed in section 3.4. 



3.4 Input Variables 

*(1) Annual salary at date of termination, 
*{2j Age in months at date of termination, 
*(3j Number of dependents at date of termination, 
*(4) Length of employment (in months) on job prior to position with 
the hospital, and 
(5) Length of service (in months). 

♦Indicates variables included in the length of service equations. 
All variables are included in the absenteeism equations. 



3.5 Output Variables 

(1) Length of service in months for each occupation category noted 
In section 2.3, and 

(2) Absenteeism rate - days per month for each occupation category 
noted in section 2.3. 



3.6 Veri'fication/Applicabllity/Reliability 

The methodology may be applied to any hospital and any employee classi 
ficationi the specific model parameters developed in this study apply 
only to full-time employees in specific occupational classifications 
at the University of Alabama Hospitals and Clinics. The model can be 
used for short-range decision making. 



3 f7 Computer Characteristics 
Burroughs - 5500 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Mathematical Models for Health Manpower Planning 



1.2 Developer's Name 

Larry J. Shuman, Johns Hopkins University 



1.3 References 
Shuman. 1969 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

The analytical models ha'e been formulated; validation was unrealizable 
due to a lack of available and accurate data. 



2.2 Purpose and Sponsor 

The models were constructed to symbolically depict the health services 
delivery system and to investigate the relative attributes of proposed 
alternatives for increasing the efficiency and produstivity of the 
system. PhD dissertation supported by the US Public Health Service. 



2.3 Scope and SubJecV 

Four mathematical models concerned with increasing productivity through 
the addition of auxiliary personnel and equipment, or by direct sub- 
stitution of personnel classes. 



2.4 Abstract 

Four basic mathematical models are formulated to enable health researchers 
to investigate the relative merits of various methods of increasing 
physician productivity. The Basic Regional Health Planning Model and 
its extension, the Total Regional Planning Model, are cataloged under a 
separate title, "Optimum Health Manpower Mix Model." Therefore, only the 
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remaining two models, the Modified Assignment Model and Maximum 
Quality Model, will be discussed here. The objective function of 
the Modified Assignment Model Is the minimization of the cost of the 
assignment policy (the substitution of various personnel classes). 
The Maximum Quality Model has as Its objective the function of 
maximization of the total quality level of the health services 
provided. The quality of service provided Is specified by deter- 
mining a utility factor for type 1 personnel providing service j. 

2.5 Major Outputs- 

Optimum values of parameters listed in section 3.5 which either 
(1) minimize personnel assignment cost or (2) maximize the quality 
of health services provided. 

2.6 Assumptions ('a)/Constra1nts (c)/Hypotheses (h) 
Assignment Model 

(a-1) The cost or disutility of having a specific person provide a 
given service is known. 

(a-2) The number of service units personnel are able to provide may 
be controlled by varying the amount of technology and equip- 
ment available, and the relationship between the service units 
and technology is linear. 

(a-3) Personnel costs are composed of the salary and overhead 
expenses and the cost of personnel changes. 

(c-1) An individual must not provide more Chan a specified number 
of service units. 

(c-2) The number of personnel allocated must not exceed a specified 
number. 

(c-3) The total number of a particular type service must at least 
equal the demand for this service. 

Maximum Quality Model 

(a-1) The quality level of a service is a function of both the 
average time that it takes to provide the service, and the 
person providing the service. The decision maker can control 
thiii average service time and the number of each type of 
personnel . 



erJc Mji) 
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(c-1) The number of services provided equals the number demandetl. 

(c-2) The number of hours personnel may work Is less than a speci- 
fied value. 

(c-3) The number of personnel available for employment Is less than 
or equal to a specified value. 

(c-4) The total cost of hiring and firing Is less than or equal to 
the funds available for personnel changes. 

(c-5) The total cost of personnel salaries and overhead cost Is less 
than or equal to the funds available for this purpose. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Linearized nonlinear programming model 

3.2 Model Characteristics 

Assignment Model: minimize cost of providing health manpower specified 
by 1(0+1) variables, listed In section 3.4 and subject to 21 + o con- 
straints noted In section 2.6. 

Maximum Quality Model: maximize the qu«1Hy of health services pro- 
vided specified by I(2J*3) variables listed in section 3.4 and subject 
to 31 + J + 2 constraints noted in section 2.6. 

(See section 3.4 for definitions of I and J) 

3.3 Data Utilization 

No data was utilized for formulation or testing, examplts arc given 
using hypothetical data. 

3.4 Input Variables 
Assignment Model 

(1) Annual salary and overhead of each type 1 personnel, 

(2) Cost of recruiting, hiring, and training of type 1 personnel. 
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(3) Cost of releasing type 1 personnel, 

(4) Cost of supporting the level of output of personnel 1 providing 
services* 

. (5) Cost of Increasing the l&vel of output of personnel 1 providing 
services* 

(6) Cost of decreasing the level of output of personnel 1 providing 
services* 

(7) Total number of type 1 personnel available for allocation, and 

(8) Number of type j services demanded. 
Maximum Quality Model 

(1) Utility level for type 1 personnel providing service j, 

(2) Number of man-hours type 1 personnel devote to service j, 

(3) Expected number of type j services demanded during the planning 
period, 

(4) Number of hours personnel 1 may work each week, 

(5) Number of personnel 1 available for employment, 

(6) Salary of type 1 personnel In dollars per man hour, 

(7) Hiring and training cost (per man-hour) of type 1 personnel, 

(8) Firing cost of type 1 personnel, and 

(9) Overhead and assistance cost for providing service d (dollars 
per man-hour). 

3.5 Output Variables 

Modified Assignment Model: values of the following which minimize the 
objective function. 

(1) Number of type 1 personnel, and 

(2) Number of type j service units provided by type 1 personnel. 

Maximum Quality Model: values of the following which maximize the 
objective function. 

(1) Number of type 1 personnel. 
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(2) Number of personnel hired, 

(3) Number of personnel fired, 

(4} Average time a person of type i devotes to providing one type 
j service, and 

(5) Corresponding total time per week (or day) type j services are 
provided by i. 



3.6 Veri f ication/Appl i cabi 1 i ty/Rel i abi 1 i ty 

Theoretical specification of the Assignment Model is not empirically 
verified or applied to actual situations. Subject to this verification 
and availability of data, model may be modified to multiple nursing ward 
assignment problems. The assumption that a linear relationship holds 
between productivity and the number and type of personnel providing 
a given service in the Maximum Quality Model is supported by empirical 
data on dentists and physicians. Physician productivity parameters 
were also empirically (objectively and subjectively) examined, and 
the results supported model assumptions. 



3.7 Computer Characteristics 



None identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Optimum Health Manpower Mix Model 

1.2 Developer's Names 

Larry J. Shuman, John Young, Eliezer Naddor, University of Pittsburgh 

1.3 References 

Shuman, Young & Naddor 1970, Shuman 1969 

2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Theoretical mathematical framework of the model developed and tested 
against a hypothetical neighborhood health center. 

2.2 Purpose and Sponsor 

To determine the mix of manpower and technology needed to Provide 
health services of accfeptable quality at a minimum total cost to the 
conmunlty. Model development supported in part by the US Public 
Health Service. 

2.3 Scope and Subject 

The model provides an analytic scheme to relate the number and distri- 
bution of personnel categories, type of health service, technology 
levels and cost for each of these parameters to the total cost of 
cormunity health services. 

2.4 Abstract 

A linear programming model is formulated to determine the mix of man- 
power And technology needed to provide health services of acceptable 
quality at a minimum total cost to the community. Total costs include 
both the direct costs associated with providing the services and with 
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developing additional manpower and the Indirect costs (shortage costs) 
resulting from not providing needed services. The model is applied 
to a hypothetical neighborhood health center, and its sensitivity to 
alternative policies is investigated by cost-benefit analyses. Pos- 
sible extensions of the model to include dynamic elements in health 
delivery systems are discussed, as is its adaption for use in hospital 
planning, with a changed objective function. 



2.5 Major Outputs 

Number and distribution of personnel categories providing different 
types of service with several levels of technology at different 
facilities and the minimum cost to society of these services. 



2.6 Assumptions (a)/Constraints (c)/Hypotheses (h) 

(a-1) The change in personnel during the planning period equals the 

number hired minus the number released. 
{a-2) The number of services produced is a linear function of the 

physicians and auxiliary personnel involved. 
(c-1) No auxiliary personnel can be utilized without the presence of 

a physician (i.e., the number of auxiliary personnel is less 

than or equal to the maximum number of personnel per physician 

times the number of physicians.) 
(c-2) The need for health services is always equal to or greater than 

the demand and the number of services provided is always less 

than or equal to the need but greater than or equal to the 

demand for these services, (i.e., the ootimal solution should 

satisfy demands without exceeding needs.) 
(c-3) The number of personnel types allocated throughout the health 

region is limited by the number available. 
(c-4) The service capacity of the system is limited by the available 

service area. 

(c-5) The operating expenses of each facility must be less than or equal 

to patient revenues and community contributions. 
(c-6) The community expenses may not exceed the community budget. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Linear programming ritodel 
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3«2 Model Characteristics 

The objective function of the nwdel is the total cost to society of 
producing health services. The cost is composed of direct cost, 
(i.e., patients fee including incentive payments for indigent persons, 
construction costs, community payment to the facility and development 
cost for additional personnel) and indirect cost of not providing 
the needed service. Analytic expressions for this function and the 
assumptions and constraints in 2.6 are developed for variables with 
indeterminant dimensionality. The model is a linear programming 
problem with IJKM + 2K(IJ + 1) + I variables and JK(I + M) + 2(J + K) 
+ 1 + 1 constraints (see 3.4). 



3.3 Data Utilized 

Several data elements which must be specified numerically are generally 
unavailabU^ (i.e., productivity of an individual working at a particular 
technology/ level) and thus must be approximated by the user (see 3.4). 
Examples are given using hypothetical data. 



3.4 Input Variables 

The following must be specified: 

I different personnel types who provide J different types of 
health services in K different health facilities using M possible 
levels of technology 

in terms oft 

(1) Unit productivity and salaries of person i, j, k, m. 
Cost of hiring and releasing person i, j. 
Community demand and need for service j. 
Cost to patient receiving service j. 
Incentive prices paid to indigent patients for service j. 
Estimated cost to society for not providing service j. 
The current number of personnel i , j , . , , . ^ 

The maximum number of auxiliary personnel per physicians i, j, 
The amount of space required by service j. 

In addition, the following input information is needed: 



10) 
12) 



The number of units of space presently available. 
The cost of additional space units, and 
The total amount of community funds. 



ERIC 
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3.5 Output Variables 

(1) Number and mix of personnel categories, 

(2) Distribution of technology levels, 

(3) Amount of construction, and 

(4) Amount of community financial support for the community to 
provide required health services at minimum cost. 



3.6 Verl f Icatlon/Appi Icabi 1 1 ty/Rel labll Itv 

Only the theoretical structure of the model has been developed and 
the model has not been applied to actual problsms or empirically 
tested. Subject to this verification and accessibility of data, 
model may be applicable to a variety of manpower mix problems In 
both short and long-range planning. 



3.7 Computer Characteristics 
None Identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Model of the Variation of Patient Categories Within a Hospital 

1.2 Developer's Name 

Sidney Singer, Johns Hopkins University 

1.3 References 
Singer, 1961 

2.0 GENERAL DESCRIPTORS 

2.1 Development Status 
Completed 

7/? Pur pose and Sponsor 

To oredict the number of patients in each of three categories at some 
fStSre time bised on the Sumber present at the beginning of the pre- 
diction period. Model development supported by the US Public Health 
Service. 

2.3 Scope and Subject 

Mod(i1 estimates the total number of Patients in three categories: partial 
/.a^a <nf*rfflflfHate care and intensive care, in four medical wards wnicn 
TrS isld irpredict hSsp^tal nSrsIng workload and staffing requirements. 

2.4 Abstract 

A theoretical aueuelna ffrsdel Is developed to determine the number of 
DatieStf S each of three medical condition categories, given the number 
nSJiLlS initially In each category. Empirical data was used to test 
statlSlfri Poisson a?r 5a1 pr^^^^^^ exponential service time assumptions; 
tSl datrindicrtSd tSe assumptions are valid approximations of the actual 
random process of the system. Numerical results obtained from the model 
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provided an "adequate" description of real system behavior. Previously 
developed relationship between average nursing time required for a 
patient In each category Is used to estimate nurse workload requirements. 



2.5 Major Output s 

Prediction of numbers of patients requiring partial care, Intermediate 
care and Intensive care. 



2.6 Assumptions (a)/Constra1nts (c)/Hypotheses (h) 

(a-1) Inputs to the three subpopulatlons are Independent Polsson 
processes. 

(a~2) The duration In each patient category before transition to 
another category follows negative exponential distributions. 

(a-3) The model assumes a theoretically Infinite hospital patient 
capacity. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Discrete state continuous time Markov process. 



3.2 Model Characteristics 

Model consists of three Infinite capacity parallel service channels 
which are Interconnected In a reciprocal series arrangement. Inputs to 
each channel are Independent Polsson processes and the service times 
(lifetime In each channel or patient category) follow negative exponen- 
tial distributions. 



3.3 Data Utilized 

Data was collected from four twenty-nine bed public wards' ai Jshns 
Hopkins Hospital concerning the medical care category of each patient*. 
Patient categories were determined from questionnaire completed daily 
by head nurses on each ward. 



Z13 
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.4 Input Variables 

(1) Initial number of patients in each medical care category, 

(2) Rates of transition from one category to another, 

(3) Rates of entry into each category (hospital admissions), 

(4) Rates of e^it from each category (hospital discharges). 

3.5 Output Variables 

Predicted number of patients in each category at some later time. 

3.6 Ver i f i caH on/ Add! i cabi H ty/Rel i ab i 1 i tv 

The model may be used for short-range planning (one day in advance). 
Actual data Xas analyzed, and the assumptions made n the develop- 
ment of the model were shown to be valid approximations the 
random processes governing the behavior of the system. The analytical 
Sel applies only to the Osier Medical Clinic of the Johns Hopkins 
Hospital . 

3.7 Computer Characteristics 
None identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Thrcse models on Physician Educational and Occupational Behavior Patterns 

(1) Oeinand for Medical Education - Study of Medical School Applicant 
Behavior 

(2) Lifetime Earnings and the Physician's Choice of Specialty 

(3) Migration Patterns of Recent Medical School Graduates 

h2 Developer's Names 

Frank A. Sloan. University of Florida 

Donald E. Yett, University of Southern California 

1.3 References 

Sloan, 1969, 1969, 1971; Yett & Sloan, 1971 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Medical school applicant behavior and physician's choice of specialty 
models are completed, migration pattern model t^s under development. 

2.2 Purpose and Scope 

Explanation of the locational choices of recent wdical school graduates, 
determination of whether lifetime earnings in physician specialties in- 
fluence choice of field, and provision of policy instruments which may 
be used to affect production ievels of the medical education system. 
Models (1) and (2) are based on parts of Sloan's PhD dissertation. 
Model (3) development was supported by New York University. 

2.3 Scope and Subject 



Hi 



Market for medical education, ^ « 

Supply response to lifetime earnings In specialities and general 
practice. 



(3) Supply side of physician maldistribution problem - location 

decisions made by new entrants into stock of private practitioners. 



.4 Abstract 

Factors influencing applications of "A" students and all applicants 
to medical schools, decisions regarding choice of specialty, and 
decisions about recent medical graduate location are investigated 
through regression models. Variables to be included and hypotheses 
to be tested are specified, and the models are estimated in linear 
and logarithmic form. 

5 Major Outputs 

Prediction of the number of applicants to medical school in a given 
J!f «j:«!lS!?5ri!^ residents in a particular specialty, and probabilities 
4*E*^2S"*^! location in a particular state, given previous contact 
with the state. 

6 Assumpti ons (a)/Constraints (c)/HYPotheses (h) 
Model 1 

(a-1) Desired enrollment levels will be ascertained by the public 
policy decision-maker and medical educator, 

(a-2) All "A" students are accepted and attend, 

(a-3) An equilibrium level of demand is associated with values of 
the explanatory variables, 

(a-4) A fixed proportion of the discrepancy between actual and 
equilibrium demand is made up in each year, 

(a-5) The decision-maker expects the incentives to enter medicine 
to be the same in period t + n as it is in period t. 

Model 2 

(a-1) Earnings are discounted to the aae the medical school graduate 
is assumed to begin a residency (27) and are assumed to termi- 
nate at age 65, 

(a-2) Earnings begin at age 22 (general practice), and terminate 
at age 65, 

(a-3) Military service is two years. 
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(a-4) Income during medical school is one-fourth of the median 
college graduate estimate. 

Model 3 

(a-1) The policy recommendations assume that only one state imple- 
ments the policy, 

(h-1) The more contact a physician has v<ith a state prior to his 
first practice location decision, the more likely he Is to 
locate in the state. The probability of locating in a state 
varies directly with the number of previous contacts with the 
state* 

(h-2) In addition to the number of contacts* the sequencing of con- 
tacts influences the probability that a physician wi 1 locate 
in a state of previous contact. More recent "events' have a 
stronger impact than earlier ones, 

(h-3) Licensure considerations are more important to the general 
practitioner than to physicians as a whole* 

{h-4) Physicians will be more inclined to settle where a given level 
of income can be achieved with the least number of hours in- 
the office. 



3.0 TECHNICAL DESCRIPTORS 

3 J Model Type 

Regression Analysis 

3.2 Model Characteristics 

Model li 19 equations* 2 dependent variables* 9 Independent variables. 
Stede 2 1 equations 2 dependent variables* 8 ndependent var ab es. 
BSdel 3; 8 eqSations* 2 dependent variables* 23 independent variables. 

The followinq are the specific variables included in each regression 
ISSatii f e dependent (output) and Indeoendent nput) variables 
are those identlfed In sections 3.5 and 3.4 respectively. 
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Equation Variables: 



Dependent Variables 
Model 1 2 equations (1) 



Independent Variables 



2 equations 
2 equations 
2 equations 



Model 2 2 equations 



Model 3 



i; 
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. (6) 



. (8) 
9)- 11), (13)-(17) 
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1 : 7 . 9 , 10 , 12-17 



18), (19 , i21) 
9), (10), (11), (13 



18}, 19 

'13 

(18), 19 



, (2l5 (9 
-(15), (22 
..(21). .(9 



(12).(15), (22 



.15). (22), (23) 

, (10 . (11) 
23) 

loj, 

23) 



3.3 Data Utilized 

Model 1: Income Information Is derived from three sources: mean 
physician Income from Independent professional practice, 1929-1951, 
published by the Office of Business Economics of the Department of 
Commerce; medians, from Medioat Soonmio9 for selected years In the 
19$0's and I960' Si and means from Internal Revenue Services, published 
in a recent Organlatation for Economic Cooperation and Development 
publication. 
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Model 2: Asset values of specialty training In various fields for the 
years 1955. 1959 and 1965 are calculated from reported ejJJ^nf J" 
private, -independent practice in Medical Eoonomae ana.stipena data 
?rored;cat1oh volumes of the Journal of the feHcm ^^jf 
and the HoepUal Phyeioian. Statistics on salaries "the military are 
found In the offioial Amy Regieter,^ Adjutant Genera s Office, and the 
Hoepitat PhyBician, and survivor rates. In . ^jj^jf « SJjL. 
Statistios of the United State$, United States Public Health Service. 
The Internship salary Is from the Jowmal 6/ the Amjnom f W«tei. 
i^tim. Earnings In military service are from the Off%o%at ^«J/^J^f 
Income of General oractltloners Is frmHedxoal Eoonomoe, ine cost; 

tS iJcludls tu?t1on Jnd fee Information from education v^^^^^ 
the Journal of the AmHaan Medical Aeeooiation and age-specific median 

Income of white male college graduates from the Census Bureau. 

Model 3: Data sources used are listed In the Data Source Index (117), 
(21). and unpublished data f^t>m the American Medical Association. 



.4 Input Variables 



Model 1: |1j 



Model 2: 



Model 3 *. 



Number of male college graduates, - i 

Tuition and fees In year applicant begins professional 

Physician's Income In Independent professional PWtlce, 
Starting salaries of male college graduates In general 
business, 
Di PhD stipends* 

6) Median Incomes of PhD»s In biological sciences. 
7' Applicants In the previous year. 
8} Biologist's Income growth, and 
'9} Biologists Income level. 



S) 



:i) 

2 
3 
4 



(8) 



Number of residencies In the current year. ^ . . 
Present value of lifetime earnings, discounted at w. 
Present value of lifetime earnings, discounted at io». 
Total number of foreign graduates, ^ _ . 
Absolute difference between median specialty and general 

ffiljMlSSId'offered by hcispltals to ^^^Jf- 1^*!;,^^;^?"** 
Number of specialists In a given field seeking employment 
divided by the number of vacancies In the field, and 
Measure o? physician dissatisfaction with their respective 
specialities. 



(1) Proportion of medical specialists with previous iitate 
contacts of birth, . 

(2) Proportion with previous contacts, medical school, 
residency, and Internship or birth, medical school and 

(3) Proportion with previous contacts, birth. Internship and 
residency. 
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(4) 
(5) 

(6) 

\l\ 

(9) 

12) 
13 
14 



(19) 



(23) 



Proportion with previous contacts, birth, medical 
school and internship, or birth and internship. 
Proportion with previous contacts, birth and residency, 
or medical school a-td residency, or internship and 
residency. 

Proportion with previous contacts, birth and medical 
school or medical school and internship. 
Proportion with previous contact" residency. 
Proportion with previous. contacts, in'iemshlp, or 
medical school, or birth, 

iSt ;f*^^f physicians who are "old" (graduated fnm 

medical school prior to 1935). 

Change in per capita Income » 1960-1966* 

hoI"piSll! mztmV^ ^" proprietary 

Net migration over population. 

Annual degree days, 

% population living in SMSA's, 

Medical exam failure rate. 

Mean professional hours for aU specialists in private 

prdCt1C6| 

Mean net income for all specialists in orivate practice. 
Proportion of general practitioners with previous state 

Jlr*''* education, and internship. 

Proportion with previous contacts, medical school and 
internship, or birth and internship, or birth and medical 
school , 

Proportion with previous contacts, medical school or birth. 
Proportion w th previous contact internship, 
per"week and°"* ^^^^^ * private general practitioner 
Mean net income for a private general practitioner. 



.5 Output Variables 

^' ill te^^"*?** planning to enter in year t, 
(2) "A" college T^^^rd applicants planning to 



enter in year t. 



Model 2: (1) Number of residents in a particular specialty in a given 
>iar who are graduates of American or Canadian medical 
scnooii 

n?fli!I!*?J? !*'Effl;^f^ 0^ resldencltf 

offered in tiat field in a given year. 

Model 3: M) QveralJ retention probability for specialists. 

(2) Overall retention probablity for general practitioners. 
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3>6 Verl f Icatlnn/ADDl 1cab < 1 < tv/Re1 iabl 1 1 tA 



Actual values and values estimated by Model (1) are plotted for 
i5:Sl4cnn nurnoLs Since the data used to estimate the parameterf 
SfThe^de s appl is to "sM 965; 1955-1965. and 1966. it is ques- 
?ionabirwhether the models are applicable to current problems. 



3.7 Comput'**' Characteristics 
None identified 



At.'*, 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Hospital Demand for Residents 

1.2 Developer's Name 

Frank A. Sloan, RAND Corporation 

1 .3 References 
Sloan, 1970 



2.0 GENERAL DESCRIPTORS 



?.i Develo pment Status 
Completed 

2.2 Purpose and Sponsor 

(1) To present estimates of a hospital demand for ophthalmology 
residents schedule, and 

19\ To olace the demand for residents equation in a larger frame- 
work'other professional disciplines) which could be used as 
The bi?is fo? ?n Sirical investigation when more data becomes 

avai1at»1e. 

This report is adapted from the developer's PhD dissertation. Harvard 
University, 1968. 

2.3 Scope and Subject, 

Demand for ophthamology residents - 1 equation. 

2.4 Abstract 

TL°S:5Jurind1cate a response of the number of residencies offered in 
I VpartJ^nt to rJl^^^^^^^^ and hospital department production of 
patient-related services. 



252 

2.5 Major Outputs 

Estimates of the number of residencies offered for the academic year. 

2.6 Assumptions (a)/ Constraints (c)/Hvpotheses (h) 

(a-1) The demand for residents equation is assumed to be linear, and 
(a-2) Demand for labor equations are not linear. 

3.0 TECHNICAL DESCRIPTORS 

3.1 Model Type 
Regression Analysis 

3.2 Model Characteristics 

One equation, four independent variables 

3.3 Data Utilized 

Data for the regressions was obtained from data sources (17) and (14). 

3.4 Input Variables 

(1) Stipends, 

(2) Medical school affiliation, 

(3) Average daily inpatient census, and 

(4) Outpatient visits. 

3.5 Output Variables 

Estimates of the number of residencies offered for the academic year. 

3.6 Veri f i cati on/AppI i cabi 1 i tv/Rel i abi 1 i tv 

All coefficients are significant at the I* level; since the data used to 
estimate the parameters applies to 1965-1967, it is questionab1« whether 
the model is applicable to current problems. 

3.7 Computer Characteristics 
None identified 
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1.0 IDENTIFICATION 



1 1 n»«tfirlpt 1ve Title 

Short-Run Supply Responses of Professional Nurses 

1 9 npveloDer's Name 

Frank A. Sloan and Roger 0. Blair, the University of Florida 

1.3 References 

Sloan & Blair, 1973 

- 2.0 GENERAL DESCRIPTORS 



2.1 Oevel o pnient Status 
Completed 

2.2 Purpnge and Sponsor 

went sponsor is not identified. 

2.3 Scope and Subje ct 

Supply of married and single female registered nurses. 

2 A Abstract 

, i 1 «««e..mo*. thMrv whsre goods and leisure are arguments 
Neoclassical consumer theory, wne^^ is used as a framework for an 

nu?ses. both active f ^ ^"^Ji gSf equation^ (hours and 

^SgrlssiSn! F^uradditional supply equations were estimated 
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Including a squared wage variable; however, the coefficients were 
not significantly different from zero. It is concluded that nurses 
are approximately as responsive to wages as are women in other 
occupations. 

2.5 Major Outputs 

Weekly wages, hourly wages, spouse wages, and nurse weeks and hours 
worked. 

2.6 Assumptions (ai/Constraints (c)/Hypotheses (h) 
(c-1) AH male nurses are excluded from the study. 

(c-2) All spouses over age 65 are excluded from the study. 



3.0 TECHNICAL DESCRIPTORS 



3.1 ^todel Type 
Regression Analysis 

3.2 Model Characteristics 

8 equations, 8 dependent variables, 24-29 independent variables each. 
The following are the functional relationships between the dependent 
(output) and independent (input) variables listed in sections 3.5 
and 3.4 respectively. 

Dependent Variable Independent Variables 



oj pi-cifi* (9)-(")..o^)-(23) 

(1; 



2 , 15 , 24 -(32) 
, (2), (15), !24S, (26), (28), 
(29), (31), (32) 



3.3 Data Utilized 



The data consists of a random sample of 1,988 nurses (1,396 married 
and 592 single) selected from the Public Use Sample (a one per cent 
sample) of the U.S. Census, 1960. 
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3.4 Input Variables 



Race (black or other), 

Whether or not foreign born. 

Highest grade attended, 

Whether or not attended twelfth Q^^ade, 

Whether or not attended four years of college. 

Age (31-40, 41-50, 51-60, 61-65), 

Whether moved within or between states. 

Whether or not immigrated. 

Whether works in central city of an SMSA, 

Whether works in ring of an SMSA, -esides in an 

Whether works in outside ring of an SMSA and resides in an 

Whetheroccupation is fanner or farm n«nage!:« ^^^^ 
Whother occupation is farm foreman or farm laborer. 
Whether worked less than 1500 hours, . ^ _ ^ ^^.^ 

West South Central, Mountain, Pacific), 
Per capita income. 

Registered nurses per 1,000 in state. 
Whether attended fourth year of college. 
Practical nurses per 1,000 in state. 
Whether a government employee. 
Whether self-employed. 
Age and number of children. 
Whether currently married. 
Predicted nurse weekly wage. 
Predicted spouse weekly wage. 
Predicted nurse hourly wage. 

Predicted spouse hourly wage, nf 
Sum of non-wage income of nurse and spouse plus income of 
childreS liviSg in household P^uj, jcome of other relatives. 
Number of children by age (less than 2 2-5, 6-15, 16-19), 
Whether spouse unemployed at least one year, 

&l'r"f SthS/llM^liJlng In household by .ge (less than 65. 
65-74, 74 and over). 



3.5 Output Variables 



Nurse wages (hourly and weekly), 
Soouse wages (hourly and weekly), , jx j 

ffl^d Ssesupfly (hours »|;<1 ««*Vo?k d>'' " 
Single nurse supply (hours and weeks worked). 
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3,6 Verification 



Since the data used to estimate the equations was obtained from the 

iorfSi'ff SL?;^ E?'*;^"* *° ^^59. It Is questionable whether the 
model is applicable to current problems. 



3.7 Computer Characteristics 
None identified 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Demand for Nursing Resources 

1.2 Devel o per's Name 
Warren H. Thomas 

1.3 References 
Thomas 1964, 1968 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 
Completed 



2.2 Purjjose anliaonsor 

K'u "^t lf > PhHM™. field of mrm. 

2.3 Scope and Subject 

Recovery of coronary patients and their demands for nursing 
resources. 

2.4 Abstract 

A mathematical model iJ^S^/l^s'culf (K 

characteristics of a^^oiKSfS^SS^-f Jfx^taSrpat^ recovery 
A Markov model of a multiple phase six sta^^ ^^^^^^ 

process is used to predict the P";f^%u;Xations of patient 
given knowledge of his Pf^sent state. Tne aur«i on k 
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15*^°"® patients discharged alive and the other for those 
who died, are combined to represent the recovery patterns of 

A L.''**J®I1*M®" y®***^ old. and (2) patients 65 and 

older. From the recovery status, expected demand for nursing 
resources can be predicted several days Into the future. 

2.5 Major Outputs 

Prediction of patients' future recovery states 

2.6 Assumpt ions (a)/Constraints (c)/ Hypotheses fh) 

(a-1) Any patient who died within the first three days never 
progressed medically beyond state 1. 

IIlL^fl!!!^ ""r^^"? ^^^^^ resources, although different 

fn Ih!*!L*^^i**®* s*"* «11 a patient spends 
in the same state. 

(a-3) A nurse Is equally productive on any unit. 

(a-4) The model would be installed only in hospitals which enjoy 
the use of a digital computer. ' 



3.0 TECHNICAL DESCRIPTORS 

3.1 Model Ty pe 

Analytic, stochastic, Markov model. 

3.2 Model Characteristics 

This is a 14-state Markov model. The states are an entry state. 

P*'^'^*'^ activity, secondary activity, 
normal activity) and an ewlt state. Each recovery state is com- 
posed of three recovery phases. Deterioration in patient status is 
treated as a relapse to the initial recovery state, therefore, al 

f»';";^*^o"«^ p»'obabilities are zero Except for those returning 
J2ciSM"^J!*l4''®?°^?''^ "^^^ e'^Pected demand for a hospital ' 

resource, particularly nurses, can be computed by determining the 

^h^SlEf J"Iir'S each patient state using the wdel to p^dict 
the number of patients In each state. 
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3 .3 Data Utilized 

numbef of hours of oxygen support, P;*j!"* L*®I5?iJnt^ ment^ 
amount of activity permitted, diet prescribed, patients menwi 
attitude, nurses' consents, etc. 

3.4 Inp ut Variables 

(1) Initial number of patients In each of the recovery states. 

(2) The nursing care or other resource requirements for patients 
In each recovery state. 

3.5 Output Variables 

(1) Predicted future number of patients in each recovery state. 

(2) Determination of the expected demand for nurses or other 
hospital resources. 

3.fi v,.r1ficat<»»/ AppHcabnity/Rel1ab111ty 

The model Is Intended for use In short-range scheduling decision 
making rHe specific results are applicable only to Comnunity Hos- 
pital, Indianapolis, Indiana. 

3.7 Computer Characteristics 

'■ I°BH*709o"nd IBM IMO computers 
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1.0 IDENTIFICATION 

1.1 Descriptive Title 

Design of Primary Health Care Teams 

1.2 Developer's Name 

Dean H. Uyeno, Northwestern University 

Kji^ R eferences 
Uyeno, 1971 

2.0 GENERAL DESCRIPTORS 



2.1 Deve lo pment Statu s. 
Completed 

2.2 Purpose and Spo nsor 

To develop a method wUh which to evaluate 

t:r=br55nisssSjrsi;i5iJ;ftraS5=ti!fui>r;Hfart!,ie.v,ce.^^ 

2.3 Scope and Subject 

composition of primary health care teams for differing patient demand 
levels and health care facilities. 



2.4 Abstract 



fppl Satirif thl model ard evaluation procedures »» 
pediatric clinics. 
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2«S Major Outputs 

Data on the utilization of personnel and facilities and patient service 
and waiting times by priority class. 

2,6 Assumptions (a)/Constra1nts (c)/Hvpotheses (h) 

(c-1) Minimum utilization of the assistant is 10S5, 

(c-2) Minimum utilization of the associate is 10«, 

(c-3) Minimum. uti' zation of the last room added is lOSH, 

(c-4) Work day is less than or equal to 7.50 hours, 

(c-5) Average waiting time is less than or equal to 30 minutes, 

(c-6) Maximum waiting time is less than or equal to 90 minutes, ^nd 

(c-7) Utilization of the MD is less thari or equal to the time available 
for patient contact. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 
Simulation 

3.2 Model Characteristics 

Task occurrence frequency and distribution of task lengths by patient 
are developed from empirical data. These statistics are used to 
generate schedules of patients and to generate their associated 
activities and their lengths. These parameters are then employed in 
a computer simulation to generate personnel and facility utilization 
data and patient service data. 

3.3 Data Utilized 

Observation of the person giving primary care throughout entire work 
periods starting from the arrival of the first patient or staff 
member through the departure of the last staff member at the end of 
the work period, for enough periods to establish a reliable data 
base« 
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Input Variables 

Tsl SeSiSatlSS of patleSra^phJ^ldan data sufficient to discriminate 

patient classes, . ^. ^ , 

o) Relationship between task categories and patient classes, 

4) Service times for different tasks, and 

5) Frequency of occurrence of each task. 

Output Variables. 

(1) Hourly data on the utilization of personnel and facilities 
(percentage of time occupied), 

(2) Service times, 

(3) Waiting times, 

(4) Total time in the system, 

(5) Average time in queues, and 

(6) Number of patients to pass through each queue. 



6 Ver 1 f i caH on/A ppl i cabi 1 i ty/R eljabilit^ 

Actual and simulated waiting times in a Pediatrician's office were com- 
pared; very good correspondence was found between the model and this 
data. 

7 Computer Characteristics 
CDC 6400 Computer 

Two preliminary data analysis programs: language - COBOL; each under 
200 stISent7in length with execution times of under 10 seconds. 

Patient frequency distributions: language^ ^^"^S'^J^J' foJ'Ssis 
35,000 words of computer memory; running time - 20 seconds for analysis 
of 150 patients. 

Schedule generation: language - SIMSCRIPT; 1200 statements, 43»300 
words of computer memory; running time - 40 seconds to generate 4 
schedules of 100 patients each. 

Actual model: language - SIMSCRIPT; over l^OO.stfements grouped in 
over 40 subroutines; compilation time: approximately 5 minutes the 
program could process 100 patients for one team in ai?P'^oji;ately 35 
seconds and process 100 patients each for two teams m approximately 
45 seconds. 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Multiple Assignment Model for Staffing Nursing Units 

1.2 Developer's Name 

Harvey Wolfe, Johns Hopkins University 

1.3 References 
Wolfe. 1964 



2.0 GENERAL DESCRIPTORS 



?.i Develo pmant Status 
Compl eted 

2.2 Purpose and Sponsor 

To provide nurse staffing guidelines, detailing the allocation of 

staff according to quantitativ«j and qualitative Requirements for 

nursing resources. Model development supported by the US Public 
Health System. 



2.3 Scope and Subject 

Mix of nursing personnel best able to care for the demands for a 
given configuration of patient classifications. 



2.4 Abstract 



A linear programming model is developed which minimizes staff 
allocation costs to meet stochastic demands of patients for any 
combination of three classes of patients developed prev ous y (see 
model by Connor). The model concentrates on the determination of an 
optimal staff allocation system which minimizes the cost or utility 
measures of quantitative and qualitative patients needs. The 



266 



qualitative aspects of nursing care are Incorporated into the model 
by constructing cost coefficients reflecting the nurse and admini- 
stration judgment criteria concerning the necessary qualifications 
to perform a particular set of tasks adequately. These costs, 
combined with salary costs and costs of idle time, define the 
model objective function parameters. 



2.5 Major Outputs 

Total cost of making assignments for use as guideline for allocating 
staff and assigning tasks. 



2. 6 Assumptions (a)/Constraints (c)/Hypotheses (h) 

(a-1) All individuals must work a full day if they are hired at all. 

(a-2) A hospital has the ability to hire as many individuals in 
each personnel category as it needs. 

(c-1) No overtime is pisrmltted under any circumstances. 

(c-2) No single task complox may be carried out by more than 
one classification of personnel. 

(h-1) No difference exists between the average time required to 
perform a particular task for selected pairs of personnel 
categories. Accepted at the .05 significance level. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Linear programming 



3.2 Model Characteristics 

Model minimizes a linear objective cost function of nurse task 
allocation consisting of salary costs, assignment cost (utility 
value of assigning a particular type nurse to various taski), and 
non-productive costs of idle time; subject to the constrai-.ts 
noted in section 2.6. 
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3.3 Data Utilized 

Data for detenni nation of the model parameters was obtained from 
observation of several persons In each personnel classification 
and from judgments of 10 administrators and registered nurses at 
the Johns Hopkins Hospital. 

3.4 Input Variables 

(1) Salary cost per unit time for r" classification, 

(2) Time required to perform task j, 

(3) Length of work day for I**' classification, 

(4) Number of Individuals In the 1**^ classification, and 

(5) Cost of assigning the 1**^ classification to the yy*^ job 
(composed of salary cost and value cost). 

3.5 Output Variables 

Total cost of making multiple assignments. 

3.6 Ver1f1cat1on/Appl1cabll1tv/Rel1ab111ty 

124 hypotheses concerned with combinations of paIrs of personnel cate- 
gories (see section 2.6) were tested using student "t" and normal dis- 
tributions depending upon sample sip of available data. All but s^^^ 
of the hypotheses tested were accepted at the .05 significance level, 
suDPortIng the credibility of an assumption that no difference in speed 
of personnel performance exists. Since the n»del parameters developed 
may have Internal biases particular to Johns Hopkins Hjspltal, app 1- 
cabllity of the model In other hospital environments without modifi- 
cation is questionable. The effectiyness or quality "»asures assoc- 
iated with the assignments provided by the "»del cannot be discussed 
without comparisons with different assignment methodologies and devel- 
opment of criteria concerning the quality of nursing care. 

3.7 Computer Characteristics 

IBM 7094. Fortran program listing Included. This program takes 0.45 
hours to solve 55 multiple assignment problems, each with 5 personnel 
classifications and 16 task complexes. 
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1,0 IDENTIFICATION 



1.1 Descriptive Title 

Micro-Simulation Model of Health Manpower 

1.2 Developer's Names 

use Research Team: Donald E. Yett, Leonard Drabek, Larry Kimbell, 
and Michael Intriligator 

1.3 References 

Yett, et a1, 1970, 1972, Undated; Human Resources Research Center, 1972 
2.0 GENERAL DESCRIPTORS 

2.1 Development Status 

A preliminary operational model has been developed. Mark I is 
proposed for the mid to end 1970's. 

2.2 Purpose and Sponsor 

The model is intended to be useful for structural analysis of the 
health care system, forecasting effects of demograph c and social 
changes and policy measures, policy analysis and evaluation, and 
as a" guide to future research areas. 



2.3 Scope and Subject. 

Mlcro-s-.imu1ation of the health care system; supply and demand of 
health services, health manpower, and health education. 



2.4 Abstract 



Three versions of a micro-simulation model of the health care system 
are developed. The first, "Mark I", represents the "Ideal" model for 
analvzinq and forecasting demand and supply of health manpower. The 
sScoXd, %rk II" is a version of Mark I keyed to availab e data, known 
methodilogies and existing computer capabilities. The third version. 
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Mark II-A, is a "scaled-down" version of Mark II, modified during 
implementation so that the model will be operational within a year's 
development period. A population of individuals is assigned to diag- 
nostic categories by means of a probability distribution. Equations 
are formulated to determine the needs and demands of the population; 
production functions, supply equations for institutions and services, 
manpower (physician, nurse, and allied health personnel) demand and 
supply equations, and equations for the demand for health education 
are developed. Reasons for the selection of variables are given. The 
major simplifications of the Mark II as compared w1t;j the Mark I are 
the reduced number of population and Institutional attributes, the 
reduced number of markets, and the modification of the representation 
of the production processes. A preliminary version of the model Is 
now operational . 



2.5 Major Outputs 
See section 3.5 



2.6 Assumptions (a)/Constra1nts (c)/Hypo theses (h) 

(a-1) Health events do not Influence demographic events. 

(a-2) Outpatient institutions behave so as to maximize an objective 
function, subject to technological and resource constraints. 

(a-3) The behavior of outpatient institutions can be predicted on 
the basis of objective functions characteristic of the type 
of institution under consideration. 

{a-4) The typical physician's behavior can be stated in a functional 
form which relates the amount of patient visits he will supply 
to his preference pattern with respect to different combinations 
of net income and leisure. 

(a-5) Hospital-based clinics and emergency rooms maximize the value of 
output subject to constraints Imposed by existing technology, 
total revenue at their disposal, and target goals for capital 
expansion. 

(a-6) Shadow prices by which output is valued, and the constraints on 
their maximizing behavior will vary by type of hospital. 

(a-7) The proprietary hospital approximates the behavior of a profit 
maximiziflg firm. 

(a-8) Length of visit is constant for each diagnostic category in each 
type of outpatient institution. 

(a-9) The physician is not buying and selling in perfectly competitive 
and continuously clearing markets. 
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(a-10) Length of stay is constant for each diagnostic category in a 
given type of inpatient institution. 

(a-11) All inpatient institutions choose the combination of inputs they 
employ so as to minimize the costs of producing any particular 
set of outputs, 

{a-12) Government hospitals are assumed to admit patients on the 

basis of priorities assigned to the different types of diag- 
nostic conditions. 

(a -13) When demand expands, the reserve positions of voluntary and 

state and local hospitals improve, and pressures will mount on 
elected officials and community leaders to provide more services. 

(a-14) Institutions with relatively large manpower vacancy rates will 
be the most aggressive in reducing their vacancies. 

{a-15) All medical schools will be able to find enough salaried 
physicians to fill their previous period's demand. 

{a-16) Non-medical school salaried physicians do not have a systematic 
preference for employment in private offices or hospitals. 

(a-17) There will be "shortages" in both areas of employment. 

{a-18) All medical-school-affiliated hospitals fill their demands for 
interns and residents first. 

{a-19) The structure of the markets for allied health personnel can be 
treated as being essentially the same as that for nursing per- 
sonnel . 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

Simulation; analogue; open model; Mark II-A is non-stochastic 



3.2 Model Characteristics 

The model consists of five interacting submodels, consumers, physician 
services, physicians, hospital services, and non-physician manpower, 
each largely self-contained from a computer programming standpoint. 
Separate subroutines are used to generate US and foreign medical 




272 



graduates. The submodels which project the population of consumers 
and physicians over time are run first, and the output used as input 
to the other three submodels. Coefficients of the individual equa- 
tions of the model are determined by regression; the actual number of 
equations depends on the category specifications of types of individ- 
uals, health services, etc. The preliminary operational micro- 
simulation model includes 86 age categories for the population of 
consumers, 2 race categories, 3 income categories, 14 physician spec- 
ialties, 9 physician age categories., 8 physician visit and 3 hospital 
visit categories, 6 patient condition categories, 4 short-term hos- 
pital categories, and for the non-physician manpower population, 28 
physician practice types, 16 hospital types, and 4 health manpower 
categories. The preliminary model does not treat health education 
endogenously. 



3.3 Data Utilized 

Sources for the type of data required by the model are listed in the 
Data Source Index: (14), (28), (31), (17), (20), (35), (36), (38), 
(40), (46), (51), (53), (60), (68),'(65), (67), (93), (95), 110) 
112), (21), (118), (64), (139), (74 , (75), (76), (121), (79), (81) 
(82), (83), (84), (141), (147), (148). 



3.4 Input Variables 

Mark I - Attributes of individuals - variables 

Age, 
Sex, 

Ethnic group. 
Marital status. 
Residence, 
Family Income, 

Health Insurance status by type and extent of services covered, 
Illness or condition. 

Number of visits to outpatient institutions. 
Expenditures on physician visits. 
Waiting time for an appointment (in days). 
Number of days In inpatient institutions. 
Expenditures on inpatient services, 
Waiting time for a bed (in days), 

Outpatient and Inpatient services needed or demanded but not 
obtained. 

Outpatient - Supply of Health Services - Attributes and Variables 

(16) Physician's offices (specialty), 

17 Group practices (size, specialty, nature of payment), 

(18) Hospital -based clinics (size, ownership or control), 

(19) Number of patient visits. 
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(20) Number of patient visits by diagnostic category, 

(21 Fees, 

(22) Number of employees by occupation, 

(23) Hours worked by .employees, 

(24) Employee's salaries, 

(25) Budgeted vacant positions, 

(26) Revenues from patients, 

(27) Other sources of revenue, 

(28) Operating expenses, 

(29) Capital expenditures, 

(30) Total expenses. 

Inpatient Supply of Health Services - Attributes and Vavlables 

(31) Size (number of beds), 

(32) Ownership or control, 

(33) Nature of payment, 

(34) Length of stay, 

(35) Medical school affiliation, 

(36) Medicare certification, 

(37) Average daily census, 

(38) Averaqe daily census by diagnostic category, 

(39) Charges for care by diagnostic category, 
(40 j Number of employees by occupation, 

(41) Hours worked, 

(42) Budgeted vacant positions, 
(4:) Salaries of employees, 

44) Revenues from patients, 

;45) Other revenues, 

46) Total expenditures, 

'47) Operating expenses, 

48) Capital expenditures, 

,49) Sources of funds for capital expenditures . 

Supply of Physicians 

(50) Specialty, 

(51) Age, 

(52) Ethnic group, 

(53) Medical school attended, 

(54) Career status, 

(55) Type of employment, 

(56) Participation, 
(67) Hours worked, 

(58) Income* 

Supply of RNs and LPNs 

(59) Age, 

(60) Ethnic group, 

(61) Marital status. 
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(62) Children by age, 

(63) Education, 

(64) Licensure status, 

(65) School attended, 

(66) Type of employment, 

(67) Participation (active, inactive), 

(68) Hours worked, 

(69) Income, " 

Supply of Allied Health Personnel 

(70) . (80) Same as variables (59)-(69) 

Demand for Health Professions Education - Student Attributes 

(81) Age, 

(82) Sex 

(83) Marivil status, 

(84) Ethnic group, 

(85) Previous education, 

(86) Number of applications, 

(87) Number of admissions. 

Supply of Health Professions Education 

(88) Ownership or control , 
89 Affiliation, 

(90) Accreditation, 

(91) Enrollment, 

(92 » Enrollment vacancies, 

(93) Length of training, 

(94) Graduates, 

(95) Tuition, 

(96) Stipends, 

(97 j Number of faculty, 

(98) Hours of faculty time by type of activity, 

(99) Faculty salaries, 

(100) Teaching laboratory spaces, 

(101) Budgeted vacant positions, 

(102) Expenditures, 

(103) Revenues. 

Mark II - Irjdividual Attributes 

*(1) Age, 

*{2 Sex, 

*(3) Ethnic group, 

*(4) Marital status, 

(5) Residence, 

(6) Family income 

♦Variables included in Mark II-A model 
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*(7) Health Insurance status. 
Institutions and Services 

*(8) Physicians offices (size of practice, specialty), 
*(9) Hospital based outpatient clinics, 
(10) Inpatient services, 

* 11 Size, 

*(12j Ownership or control, 
*(13) Length of stay, 
*(14) Nature of payment, 

(15) Health insurance statuis. 

Physicians 

(16) Type (MD or DO), ^ ^ 
*(17) Specialty (general practice, specialist), 

* 18 Age, , ^ , 
*(19) Medical school attended (domestic or foreign), 
*(20) Career status, 

(21) Type of employment. 

Nurses (RN and LPN) 
*(22) Age, 

*(23 Marital status, 
*(24) Education. 

Health Professions Education - Medical Students (Medical Students and 

Nursing, Students in Mark II-A) 

*(25) Age, 
*(26) Sex, 
*(27) Ethnic group. 

Nursing Students 

*(28) Age, 

(29) Marital status, 

(30) Ethnic group, 

(31) Previous education. 

Institutions 

(32) Type of school (MD or 00), 
*(33) Ownership or control, 

(34) Affiliation. 

Nursing School 

*(35) Type of program, 
*(36) Ownership, 
(37) Size of affiliated hospital. 

♦Variables included in Mark II-A model 
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Preliminary Operational Model 

Population of Consumers 

Mortality rates by age» sex and race» 
Birth rates by age of mother » race» and sext 
Population for 1960 by age» sex, race» and Income* and 
Annual net limilgratlon. 

Physician Supply 

(5) 



If! 

(10) 



stock of US trained physicians and foreign medical graduates 
by activity* specialty and age» 
Survivor rates, 

Projected specialty distribution of US medical school 

graduates and foreign medical school graduates. 

Number of Interns and residents by specialty. 

Projected graduates from US medical schools, and 

Percentage growth rate of stock of foreign medical graduates. 



Manpower Markets 

(11) Coefficients for the wage adjustment equations, 

(12) Historical values of the wage rates paid per week by type 
of health manpower. 

Registered Nurse Supply 



(13 
15 

;i6S 

17 

19) 
20 
21 
22 
23 
(24 



Mortality rates (by age). 

Participation rate equations coefficients. 

Stock of registered nurses (by age). 

Graduates from schools of nursing. 

Foreign nurses. 

Nurse faculty. 

Private duty nurses. 

School nurses. 

Industrial nurses. 

Public health nurses. 

Lagged values of participation rates. 

Lagged values for the stock of nurses. 



Supply of Other Health Manpower 

Supply of licensed practical nurses by year, 
Supply of allied health professionals by year, 
Weekly wage rates for non-medical personnel by year. 

Demand for Inpatient Hospital Services 

(28) Coinsurance rates by age group, hospital type, and year, 

(29) Demand elasticities for length of stay, 
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(30) Admission rates by age, sex, race, hospital type, diag- 
nostic condition, and surgical treatment, 

(31) Average length of stay by age, sex, race, hospital typ-e, 
diagnostic condition, and surgical treatment. 

Physician Services 

(32) Fraction of physicians in group practice by specialty, 

(33) Average hours worked per week by specialty and type 
of practice, 

(34) Average weeks worked per year by specialty and type of 
practice, 

(35) weekly office visits per physician by specialty and type 
of practice, 

(36) Weekly hospital visits per physician by specialty and type 
of practice, 

(37) Fees charged for specific procedures by specialty and type 
of practice. 

Demand for Physician Services 



(38) 
39 
40 
41 



Doctor visit rates by age, sex, race, income, site. 
Demand elasticities by site. 
Coinsurance rates by age group and year. 
Adjustment factors by site. 



Supply of Physician Services 

(42) coefficients for physician services supply and manpower demand 
equations by specialty and type of practice. 

Supply of Hospital Services 

(43) Annual patient days by type of hospital, 

44) Number of hospitals by type of short-term hospital, 

45) Number of beds by type of short-term hospital, 

46) Distribution paran-eters for outpatient visits, 
'47) Distribution parameters for patient days, 
'48) Distribution parameters for admissions, 

49) Distribution parameters for births, 

50) Distribution parameters for surgical operations, 
,51) Distribution parameters for adjustments over time, 

52) Constructed data on hospital prices per patient day, 

53) Manpower ratios (full-time equivalent personnel per thousand 
patient days) for long-term hospitals, 

(54) Manpower demand equation coefficients for short-term 
hospitals, . ... 

(55) Non-labor cost equation coefficients by type of short-term 
hospital , 
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(56) Price adjustment equation coefficients by type of short- 
term hospital, 

(57) Bed adjustment equation coefficients by type of short- 
term hospital, 

(58) Plant assets per hospital bed by type of hospital, and 

(59) Correction factors for price adjustment equations. 



3.5 Output Variables 
Mark II 



(1 
(2 
(3 
(4 
(5 

(6 
(7 
(8 
(9 
(10 



Probability that i*^ individual will be in the j*^ diagnostic 
category. 

Quantity of k " outpatient services needed by individuals in 

th 

Quantity of k**" outpatient services demanded by individuals 
in the i**' cohort. 

th 

Quantity of k outpatient services received by individuals 
in the i**' cohort. 

Am« of patient visits that can be feasibly produced by the 
1^^ type of outpatient institution, given the available 
resources. 

Quantity of patient visits supplied by an institution in the 
1*^ attribute class. 

Change in price of patient visits in the k**' type of outt*.jtient 
market. 

Quantity of the k**' inpatient services needed by individuals 
in the i**' cohort. 

Quantity of the k**' inpatient services demanded by individuals 
in the i**' cohort. 

Quantity of the k**' inpatient services received, by individuals 
in the i**' cohort. 
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(11) Amounts of bed days supplied by inpatient institutions of 
the n**^ type of inpatient institution. 

(12) Quantity of bed days supplied by inpatient institutions of the 
k**^ type. 

(13) Number of bed days of capacity added by the n**^ type of in- 
patient institution. 

(14) Change in price of bed days in the k*^ type inpatient market. 

(15) Quantity of the m**^ type of manpower demanded by the 1 class 
of outpatient institution. 

(16) Quantity of the m**^ type of manpower demanded by the n type 
of inpatient institution. 

(17) Number of hours of labor supplied by the m**^ type of manpower 
in the n**^ cohort. 

(18) Change in the wase paid to the m**^ type of manpower. 

(19) Number of hour!} of m**^ type of manpower received by 1 type 
outpatient institution. 

(20) Number of hours of m**^ type of manpower received by n type 
inpatient institution. 

(21) Number of hours of m**^ type of manpower received by n type 
education institution. 

(22) Probability that an individual in the o**^ population cohort 
will demand medical education. 

(23) Probability that an applicant in cohort class o will be 
accepted to medical school. 

(24) Supply of first year spaces at medical schools of type n. 

(25) Hours of physician faculty time demanded by medical schools of 
type n. 

(26) Probability that an individual of the o**^ population cohort 
will demand nursing education in program type n. 
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(27) Number of first year openings supplied by nurse training 
programs of type n. 

(28) Number of training programs of type n. 

(29) Hours of faculty time demanded by nurse training programs 
of type n. 

(30) Number of vacancies in a nurse training program of type n. 
Preliminary Operational Model 

(1) Total population by age, sex-race, and income in a given year, 

(2) Number of physicians: age by specialty, 

(3) Number of physicians: age by activity, 

(4) Physician's activity by specialty, 

(5) Number of active office-based physicians by specialty, for 
each year, 

i6) Foreign medical graduates by activ.ity and specialty, 
7) Quantity of health services demanded by age and site, 
8} Quantity of health services demanded by sex and site, 
(9) Quantity of health services demanded by race and site, 
(10) Quantity of health services demanded by income and site, 
(llj Number of physicians in office-based practice, by specialty, 

(12) Visits supplied by physicians in office-based practices, 

(13) Employment of aides, RNs, LPNs and technicians in office, 
(14} Physician fees by specialty, 

(15) Hospital admissions, 

(16) Average length of stay, 

(17) Annual number of patient days for specific population groups, 

(18) Number of RNs by age, 

(19) Participation rates for RNs by age, and 

(20) Supply of RNs by age (total less exogenous employment). 



3.6 Verification/Applicability/Reliability 

Predictions of the model were compared to historical data. Sufficient 
information does not exist for all years to assess the correspondence 
between the model and historical data. The population of consumers 
submodel corresponded well to census estimates for 1970; due to re- 
vision of data, meaningful comparisons are not possible between the 
physician supply submodel projections and historical data. The 
physicians' services and hospital services submodels both performed 
well; the accuracy of the predictions of specific output variables 
and refinements suggested by the results of the historical run are 
discussed. 
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3.7 Computer Characteristics 

The model is coded in FORTRAN IV; all execution was perfomed on 
the IBM 370/155. Other IBM equipment with 300K of core storage 
may be used. 
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1.0 IDENTIFICATION 



1.1 Descriptive Title 

Community Health Service Utilization and Resource Allocation Model 



1.2 Developer's Name 

Rita Zemach, Michigan State University 



1 . 3 References 
Zemach, 1970 



2.0 GENERAL DESCRIPTORS 



2.1 Development Status 

Model structure developed provides generalized '••atrix formulation of 
equations. Further empirical development required to establish signi- 
ficant variables, estimate numerical relationship of parameters and 
acquire data to test model. 



2.2 Purpose and Sponsor 

To provide a tool for monitoring the health-care system; to aid in 
evaluating the results of changes in resource allocation, use of , 
services, or method of delivery in health care systems. Model develop 
ment sponsored by Michigan State University. 



2.j^ Scope and Subject 

Structure of model provides theoretical formulation of the functional 
relationships regarding: utilization of personal health and medical 
services by the population of a region*, allocation of resources 
used to provide these services, and the cost of health care as 
derived from the prevailing costs of resources. 
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2.4 Abst'/'act 

The model developed consists of a series of linear equations with 
n variables which describe the functional relationships at a speci- 
fic period in time for; (1) the production of health services 
relating the allocation of resources to n types of units of service; 

(2) the cost of services relating the average unit cost for a par- 
ticular service to the average unit' costs of each type of resources; 

(3) the utilization of health services relating the n type of unit 
services to "appropriate" catagories, of patients, and (4) the cost 
of providing services relating the average unit cost of providing 
health services to each patient category to the average cost of 
resources. The model can be used to forecast changes in conwunity 
population if appropriate data is available. The model primarily 
IS a formulation of mathematical functions and has been exercised 
only in an artificial environment using a combination of available 
and hypothetical data. 



2.5 Major Outputs 

(a) Average unit cost of producing each type of service (Dental 
visits, Nurse visits. Laboratory procedures, etc.) 

(b) Annual cost per parson of providing health care to each popu- 
latlon group (i.e., age, sex category). 

(c) Prediction of amount and type of health service required based 
on projected changes in population categories. 



2.6 Assumptions (a)/Constraints (c)/Hypotheses (h) 

(a-1) All relations assumed to be linear. 

(a-2) The community being described forms a closed system in 

the sense that all services produced are used by the popu- 
lation of the community and that the population uses only 
the services produced within the community. 

(c-1) The model considers only aggregated flows of resources, man- 
power, and services. It also considers average unit cost 
and aggregated population groups. 



3.0 TECHNICAL DESCRIPTORS 



3.1 Model Type 

« state deterministic linear equation model based on rationale that 
the cost and/or utilization of a unit of service is the linear sum 
of the products of the resource requirements per type service and 
the cost or use of each type. 
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3.2 Model Characteristics 

The model consists of three components: health resources, health 
services and population servlcdd. These components are modeled by 
sets of linear equations describing the relationship between pro- 
duction, utilization, cost of providing and cost of producing health 
services and health resources or population serviced. The model 
parameters are also formulated in terms of a series of linear differ- 
ence equations to simulate fluctuations in health service requirements. 



3.3 Data Utilized 

Since the model is primarily a mathematical formulation to describe 
the allocation of health resources used by a commutiity, the magnitude 
of data necessary to manipulate this model is strictly a function of 
scope of investigation. A hypothetical example of the model's use 
is given using numbers provided by the developer. 



3.4 Input Variables 

An input variables are referenced to specific time: 

]) Number of community members in each population category. 

'2j Quantity of services used in each population category. 

3) Distribution of community resources used (type of personnel, 

building space, technological equipment and materials) in 

producing services. 
A) Amount and type of service provided. 
. B) Average unit cost of each resource. 

6) Average unit cost. 

7) Transitional changes in population makeup. 



3.5 Output Variables 

(1) Average unit cost of services based on average unit cost of 
resources. 

2) Average annual cost per person of providing health service. 

3) Projected health service and health resource requirements based 
on projected variations in population distribution. 



3.6 Ver i f 1 ca 1 1 on/ Apul 1 ca bil 1 tv/ Re 1 1 abi 1 1 1 v 

Model intended for long-range decision planning. The model has not 
been exercised with empirical datai its reliability and external 
validity are unknown. 



3.7 Computer Characteristics 

None provided In above reference. 
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4.0 INVENTORY INDICES 

This chapter is organized into four sections: 

4.1 Model Index by Principal Davelopex* 

4.2 Data Sowae Indacs 

4.3 Health Manpower' Model Bibliography 

4.4 Input and Oiitytit VaHables for each 
Ibdel Category 
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4,1 Model Index by Prinoipat Developer 

This section provides an Index to the models In the Inventory alpha- 
betically ordered by developer surname. The Index also provides a list 
of model descriptor titles listed under model descriptor 1.1 In the Inven- 
tory. A model Identification code precedes each entry; the page number of 
the model description In the Inventory follows each entry. 
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CODE If 
A1 
A2 
A3 
A4 
AS 
A6 
B1 
B2 
B3 
84 
BS 
86 
CI 
01 
02 
El 



MODEL INDEX BY PRINCIPAL DEVELOPER 
AUTHOR DESCRIPTIVE TITLE 



Abernathy 

Abranovic 

Altman 

Andersen 

Anderson 

Auster 

Baer 

Baligh 

Bennhakker 

Benham 

Benham 

Bognanno 

Connor 

Oars 

Oeane 

Edwards 



Nurse Allocation Planning and 
Scheduling Model 

Hospital Ancillary Services 
Planning Model 

Present and Future Supply of 
Registered Nurses 

Behavioral Model of Families Use 
of Health Services 

Model of Health Status In 
New Mexico 

The Production of Health. An 
Exploratory Study 

Patient Characteristics. Hospital 
Services* and Length of Stay 

Linear Programming Model to Determine 
Optimum Mix of Hospital Patients 

Prediction of Future Hospital 
Bed Needs 

A Three-Equation Model for the 
Registered Nurse Labor Market 

Migration. Location, and Remuneration 
of Physicians and Dentists 

Hours of Labor Offered by the 
Registered Nurse 

A Hospital Inpatient Classification 
System 

Demand for Health and Medical Care: 
An Econometric Model 

Econometric Model of the Market for 
Nurses 

Model Predicting Population Demands 
for Medical Services 



P AGE if 

37 

41 

45 

49 

53 

57 

61 

65 

69 

73 

77 

81 

85 

89 

93 

99 
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CODE # 
E2 
Fl 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

HI 
H2 
H3 

H4 

H5 

J1 

K1 

n 



AUTHOR 
Elesh 

Feldstein, M. 
Feldstein, M. 
Feldstein, M. 
Feldstein, P. 

Feldstein, P. 

Fetter 

Fitzmaurlce 

Fuchs 

Hawkins 

Hearn 

Held 

Hlxson 

Hopkins 

Jellnek 

Kennedy 

Laberge-Nadeau 



DESCRIPTIVE TITLE PAGE # 

Distribution of Physicians In an 

Urban Area 103 

An Aggregate Planning Model of 

the HeaUh Care Sector 107 

The Rising Price of Physician's 

Services in 

An Econometric Model of the 

Medicare System 115 

Econometric Model for Forecasting 

and Policy Evaluation In the Dental 119 

Sector 

An Economic Model of Medical Care 

Sector 1 23 

A Language to Aid In Manpower 

Planning '^^ 

Demand for Hospital Services 133 
Expenditures for Physician's Services 137 



Phyflnlan Distributions 

Simulation of Hospital Medical Care 

Migration of the 1955-1965 Graduates 
of American Medical Schools 

Demand and Supply oi Professional 
Hospital Nurses' Services 

Linear Regression Model - Estimating 
Hospital Bed Needs In California 

Allocation of Nursing Time to Patient 
Care Model 

Maternal and Child Care Simulation 
Model 

Model of Patient Care Demands for 
Nurse Manpower 



141 
145 

149 
153 

157 
161 

16B 
169 
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CODE # 

12 

L3 

L4 
Ml 

M2 
N1 

01 

R1 

R2 

R3 
SI 

S2 

S3 

S4 
S5 

S6 

S7 



AUTHOR 

Larmore 

Latham 

Lazarus 
Maki 

Moss 
Navarro 

Ortiz 
Relnhardt 

Research Triangle 
•Institute 

Rosenthal 

Scheffler 

Shaw 

Shuman 

Shuman 
Singer 

Sloan 

Sloan 



DESCRIPTIVE TITLE 



An Econometric Production Function 
Model for Health 

Cost of Medical Education 

Hospital Planning Model 

Forecasting Model of Manpower 
Requirements in the Health 
Occupations 

A Simulated Health Service Queue 

A Markov Model of Medical Care 
Utilization 

A Birth-Death Markov Process Model 

of Mortality Caused by Specific Causes 201 

A Production Function for Physician 
Services 



PAGE I 

173 
177 
183 

189 

193 
197 



205 
209 



Health Manpower Requirements 
Simulation Model 

Demand for General Hospital Facilities 217 

Geographic Distribution of Physicians £21 
and Specialists 

Forecasting Hospital Personnel 
Availability 

Mathematical Models for Health 
Manpower Planning 

Optimum Health Manpower Mix Model 

Model of the Variation of Patient 
Categories Within a Hospital 

Three Models on Physician Educational 
and Occupational Behavior Patterns 

Hospital Demand for Residents 



225 
229 
235 

239 

243 
251 
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CODE , # 

S8 

Tl 
U1 
W1 

Y1 

Zl 



AUTHOR 

Sloan 

Thomas 

Uyeno 

Wolfe 

Yett 

Zemach 



DESCRIPTIVE TITLE PAGE if 

Short-Run Supply Responses of 
Professional Nurses 253 

Demand for Nursing Resources 257 

Design of Primary Health Care Teams 261 

Multiple Assignment Model for 

Staffing Nursing Units 265 

Micro-Simulation Model of 

Health Manpower 269 

Community Health Service Utilization 
Resource Allocation Model 283 
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4:2 Data Souvae Index ^ 

The Data Source Index presented in this section consists of the 
data sources identified as having been utilized in the development or 
verification of the models included in tha health manpower model inventory. 
Additional data sources identified during the literature search are includ- 
ed if they contain the type of data potentially useful for the estimation, 
verification, or utilization of health manpower and other health-related 
models. Some of the data sources are one-time publications; others are 
published annually, bi annually, etc. Certain models in the inventory 
utilize information from data sources which, because of their one-time use 
or otherwise limited applicability, are not reported here but are listed 
under descriptor 3.3 (Data Utilized) in the inventory. 
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DATA SOURCE INDEX 



(1) American Council on Education, Commission on the Survey of Dentistry 

in the United States, The Svpmey of Dentvatvy, Washington, u.t., 
1961. 

(2) American Dental Association, The Annual aepovt on Dental Education 

2970-?lt Financial Information, Chicago, 1971. 

(3) American Dental Association, Diveotory of Dentiete, Chicago, yearly 

editions. 

(4) American Dental Association, DietHbution of Dentists in the VHted 

States by State, Region, District, and County, Chicago, 1^70. 

(5) American Dental Association, Journal of the American Dental Association 

1914 - , Chicago. 

(6) American Dental Association, Sxomy of Dental P^^^f J^f ♦ SfJfJ9°» 

1950, 1953, 1956, 1959, 1<?62, 1965, 1968 and 1971 editions. 

(7) American Dental Association, Council on Dental Education, AnnwaZ 

Report on Dental Auxiliary Educatvon, Chicago, 1967-68, iy5B-t»y, 
1969-70 editions. 

(8) American Dental Association, Council on Dental mcation, Applioants 

to Dental School in 196? and previous years, (unpublished;. 

(9) American Dental Association, Council on D'-ntal Education, Data from 

Dental Student's Register Questionavr? for 1961'62, and Dental 
Student's Register, 1959-60 through 1966-6?, (unpublished). 

(10) American Hospital Association, Annual Survey of Hospital Rom Rates, 

Chicago, 1951 and 1952. 

(11) American Hospital Association, Average Daily Service Charges in 

Hospitals, Chicago, 1961. 

(12) American Hospital Association, Hospital Salary Survey, I960, Chicago, 

1960. 

(13) American Hospital Association, Hospital statistics, 19?l, Chicago, 

1972. 

(14) American Hospitil Association, Hospitalsi Guide Issue, yearly editions 

1949 - . 
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(15) American Hospital Association, Survey of Pevsonnel Turnover in 

Voluntary HoapitalBt 1962^ An Absiraation from the Final Report t 
Chicago, 1963. 

(16) American Medical Association, Mterioan Medical Direatory, 18th 

edition, Chicago, 1950, 1958, 

(17) American Medical Association, Directory of Approved Intemdhipa and 

Feaidenoies, 19?1''?2^ Chicago, 1971. 

(18) American Medical Association, Distribution of Phyaiaianst Hoapitala 

and Hospital Beds in the United States ^ Chicago, 1963, 1964, 
1965, 1966, 1967 editions. 

(19) American Medical Association, Fact Sheet on Physician Population 

and Medical Education in the United States ^ Chicago, 1968. 

(20) American Medical Association, Jouxm.1 of the American Medical 

Association^ editions 1883 - , Chicago. 

(21) American Medical Association, Medical School Alumit 196? t Chicago, 

1968. 

(22) American Medical Association, National, State, and SMSA Distribution 

of Physicians in the United States t Volumes for 1963-1967, 
Chicago. 

(23) American Medical Association, The Profile of Medical Practioe* 

Chicago, 1971 and 1972. 

(24) American Medical Association, Department of Allied Medical Profes- 

sions and Services, Allied Medical Education Directory 1969/70 t 
Chicago, 1971. 

(25) American Medical Association, Department of Economic Research, 

Distribution of Physicians in the United States by State, Region , 
District and County ^ 195 9 t Chicago, 1962. 

(26) American Medical Association, Department of Survey Research, Foreign 

Medical Graduates in the United- States, 1970 ^ Chicago, 1971. 

(27) American Medical Association, Department of Survey Research, Special 

Statistical Series, Survey of Medical Groups in the United 
States, 1966 t Chicago, 1968. 

(28) American Nurse's Association, Facts about Itursing: A Statietiaal 

Sutmaryt New York, 1967, 1968, 1969 editions. 

(29) American Nurse's Associatipn, LPNs 1967: An Inventory of Liomaed 

Practical tfursest New York. 
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(30) American Nurse's Association, The Nation's Nupeee: Inventory of 

Profeasional Nurses t New York, 1968. 

(31) American Nurse's Association, BNa 2966: An Inventory of Registered 

Nurses y New York. 

(32) American Nurse's Association, Survey of Employment Conditions as 

of January 3, 1966 t New York. 

(33) American Nurse's Association, Survey of Salaries and Personnel 

Praatiaes for Teaahers and Administrators in Nursing Education 
Programs i October 1963 t New York, 1964. 

(34) fmeric&n iiurse's ^ssociH^ont Survey of Salaries and Personnel 

Praatiaes in Effeat Oatober 1960 for Teaahers and Administrators 
in Nursing Education Programs t New York, 1961. 

(35) American Osteopathic Association, A statistical Study of the Osteo- 

pathia Profession^ Chicago, 1968. 

(36) Andersen, R., and Anderson, 0. W., A Decade of Health Services, 

the University of Chicago Press, Chicago, 1967. 

(37) "Annual Survey of Buying Power", Sales Management , 1964 & 1968. 

(38) Association of American Medical Colleges, "Datagrams: Faculty 

Salaries, 1964-69," Journal of Medical Education, XLIV (April, 
1969). 

(39) Association of Personnel Administrators of Greater New York, Wages 

and Benefits in Hospitals in Greater New York, New York, 1965. 

(40) Balfe, B. E., and McNamara, M. E., Survey of Medical Groups in the 

USt 1965, American Medical Association, Chicago, 1968. 

(41) Bureau of Economic Research and Statistics, Facts about States for 

the Dentist Seeking a Location^ 1970, American Dental Association, 
Chicago. 

(42) California Public Health Statistical Report, California, 1960. 

(43) California State Plan for Hospitals, July 1, 1961 to June 30, 1962, 

California. 

(44) Carnegie Foundation for Advancement of Teaching, Bulletin l^-BO, 

1926-1927. 

(45) "Changes in the Distribution of Dentists, 1956-1960," Jouxmal of 

the American Dental Association, 63 (Nov. 1961). 
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(46) Coirmission of Profession.a1 and Hospital Activities, Length of Stay 

in PAS Hoapitclst 1963-1964, McGraw-Hill, New York, 1966. 

(47) Conmittee on the Grading of Nursing Schools, Nurees, Patienta^ and 

PoQketbookiu New York, 1928. 

(48) Costa Rica, Direccion General de Estadistica y Censos, Ceneoe de 

poblaoion, 1963 ^ San Josd, 1964. 

(49) Oenison, E. F., and A. Slater, "Income in Selected Professions: 

Part 4, Medical Service," Sim>ey of Curvent BueinesBt 23, 
(Oct. 1943), Department of Commerce. 

(50) Division of Dental Health, Second National Survey of Liaeneed . 

Dentieie 1967-70. 

(51) Haug, J. N., and Roback, Martin, Dietribution of Physioians in the 

United States^ 1970% American Medical Association, Chicago, 1971. 

(52) Health Insurance Council, Survey Conmittee, Repovt on Annual Survey 

of Voluntary Health Ineuranoe^ New York, 1960. 

(53) Health Insurance Institute, Source Book of Health Inauranoe Data* 

New York, 1967 and 1968. 

(54) Interiagency Conference on Nursing Statistics. 

(55) Internal Revenue Service, US Bueine&s Tax Retumot July i960 - 

June 1961 i Washington, 1963. 

(56) Jouxwil of the American Veterinary Medical Aeeociation, Vol. 158, 

February, 1971. 

(57) Journal of Medical EconmicBt Various Issues, 1923 - . 

(58) Journal of Medical Eduaation^ spring issues, 1927 - . 

(59) Lasken, H., "Incomes of Dentists ar.d Osteopathic Physicians," 

Survey of Curvmt Bueineeat 19, (April 1939), US Department 
of Commerce. 

(60) Lea Associates, Inc., "The Current Impact of Medicare on US Private 

Medical Practice," Natioml Diseaee and Therapeutic Indesit 
Medical Report No. 25, Ambler, Pennsylvania, May 1967. 

(61) Leland, R. G., "Income from Medical Practice," Journal of the 

AmeHcan Medical Aeeoaiationt 96, (May 16, 1931). 

(62) Leven, M., The Practise of Dentietry and Incomee of Dentiete in 

Twenty States: 1929^ University of Chicago Press, Chicago, 
Illinois, 1932. 
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(63) Lile, S. and Soule, 0. "Interstate Differences In Family Tax Burdens," 

National Tax Journal, XXII, (December, 1969). 

(64) Mangowev Reeouraee in Hoapitale, 1966, Report of a survey conducted 

by the Bureau of Health Manpower, Public Health Service, United 
States Department of Health, Education, and Welfare, and the 
American Hospital Association, June 1967. 

(65) Mattson, D. E., Johnson, D. 6., and Sedlacek, W. E., "The Study 

of Applicants 1966-67," Jowmal of Medical Eduoat%on% XLIII 
(January, 1968). 

(66) Mason, H. R., "Manpower Needs by Specialty," Jouimal of the AmeHoan 

Medical Aaeociation, March 20, 1972. 

(67) Medical Economics, Inc., Unpubliehed Queetiomaive for the Medical 
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4,3 Health Manpower Model Bibliography 



The Health Manpower Model Bibliography consists of the references used 
to develop the information provided in the health manpower model inventory, 
plus publications identified during the literature search that are relevant 
to health manpower modeling, but were not used tn the model inventory devel- 
opment. The inclusion of these additional publications is intended to pro- 
vide the. reader interested in health manpower modeling with background material 
in the area, and to provide reference to other health-related studies. For 
example, some of these references are well-known manpower studies (e.g. . 
Fein 1967. M. Feldstein 1968). while others are models or analytic studies of 
areas on the periphery of health manpower that were not sufficiently rele- 
vant or did not contain enough infomation to be included in the inventory 
(e.g.. Au. Parti and Wong 1971. Oowling 1971. Grossman 1972. Williams 1967 
and Wilson 1972). Still others are health manpower studies which do not con- 
tain analytical components, but which are relevant to health manpower planning 
(e.g.. Baker and Perlman 1967. Hal! 1969. Kehrer 1970. and Stevens and Brown 
1971). The subsequent pages present a list of the references to the 
cataloged models, as Indicated by a suffix (C). and the additional back- 
ground reference material identified in this study. 
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4,4 Input and Output VoHdblea for Each Model Category 

This section consists of model input and output variables for each sub- 
component of the model classification structure described in section 3.1 
(I.e., population dynamics models, educational choice models, health profession 
education models, manpower resource models. r.e.U.^ care delivery organization 
models, consumer service behavior models, and Incliiejice of illness models). 
These lists provide information on the type of parameters included in each 
'model classification area, and also provide reference to models utilizing the 
parameters (i.e.. following each variable is a list of model identification 
numbers which refer to the specific models in the inventory which include the 
variable). As in the model classification scheme, models encompassing multiple 
subject areas are multiply listed in the input and output lists. An effort 
was made to include only those parameters of the model relevant to the specific 
classification group in each list. Due to the great number of specific inputs 
and outputs included in the models (especially the large-seal* models), each 
parameter is not listed separately; rather, parameters are aggregated in the 
following way: specific input and output variables listed in the model in- 
ventory are combined with similar parameters from other models in the classi- 
fication subcomponent to form an aggregate parameter group (e.g.. "administra- 
tive cost data" would include surplus, overhead, salary costs, supply costs, 
etc.? the variables "hospital bed days per thousand population" and "hospital 
bed days per month" would both be classified "hospital bed days"). 
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INPUT AND OUTPUT VARIABLES FOR EACH MODEL CATEGORY 



4,4.1 Population Dynamics Models 

Inputs 

1. Size of initial population Yl 

2. Parameters to assign age, marital status, or R2 
parity given other demographic variables (age, 
parity, sex, marital status) 

3. Birth, death, marriage and divorce probabilities R2 
by age, sex, etc. 

4. Distribution of ages of brides and grooms for R2 
first marriages and remarriages 

5. Race ''•^» 

6. Age ^2, Yl 

7. sex «-2,Yl 

8. Geographic Region 

9. Annual net iiimir^tion Yl 

10. Birth and mortal ^,y rates Yl 

Outputs 

1. Incon« ^2 

2. Various distributions of primary individuals R2, Yl 
by sex, marital status, age group, parity, etc. 

4.4.2 Educational Choice Models 

Inputs 

1. Number of male college graduates S6 

2. Tuition and fees in year applicatn begins pro- 36, Yl 
fessional education 



330 



3. Physician's income in independent professional S6, Yl 
practice 

4. Starting salaries of male college graduates in S6 
general business 

5. PhO stipends S6 

6. Median incomes of PhO's in biological sciences S6 

7. Applicants in the previous year S6, Yl 

8. Biologist's income growth S6 

9. Biologist's income level S6 

10. Number of residencies in the current year S6 

11. Present value of lifetime earnings, discounted 
at 5% and 10« 

12. Total number of foreign graduates S6 

13. Absolute difference between median specialty S6 
and general practice income 

14. Monthly stipend offered by hospitals to first S6 
year residents 

15. Number of specialists in a given field seeking S6 
employment divided by the number of vacancies In 
the field 

16. Measure of physician dissatisfaction with their S6 
respective specialties 

17. Population socioeconomic and demographic vari- S6, Yl 
ables 

18. Increase in the number of hospital beds S6 

19. Annual degree days S6 

20. Medical exam failure rate S6 

21. Mean professional hours for private physicians S6 

22. Number of first year medical school entrants F5 

23. Available financial support Yl 
Q4. Nurse incomes Yl 

25. In:omes in alternative occupations Yl 
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Outputs 



S6 



1. Applicants planning to enter medical school 
in year t 

2. "A" college record applicants planning to enter S6 
in year t 

3. Number of residents in a particular specialty in S6 
a given year who are graduates of American or 
Canadian medical schools 

4. Residents in a specialty divided by number of 
residencies offered in that field in a given 
year 

5. Drop outs from medical school "' 

6. Probability that an individual will demand 
nursing or medical education 



S6 



Yl 



4.4.3 Health Education M odels - Administration 

Inputs 



1. 


Dental school spaces per 1,000 population 


F4 


2. 


Additions to dental school spaces per 1,000 
population 


F4 


3. 


Construction funding (including subsidies) 


F4, F5 


4. 


Government support of nurse education 


Yl 


5. 


Number of school scholarships 


F5 


6. 


Number of high school girls 


FS 


7. 


Income of nurses relative to income of 
teachers 


F6 


8. 


Number of first year medical school spaces 


F5 


9. 


Supply of first-year spaces supplied by nurse 
training programs or at medical schools 


Yl 
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10. Hours of faculty time demanded by nurse training Yl 
programs or medical schools 

11. Number and type of nurse training programs Yl 

12. Number of vacancies in a nurse training program Yl 



Outputs 



1. Solutions to optVual output mix for the medical L3 
college given the resources available and in- 
stitutional constraints 

2. Number of dental school spaces per 1 ,000 popu- F4 
lation 

3. Additions to dental school spaces per 1,000 F4 
population 

4. Number of nursing school graduates F5 

5. Increase in number of first year medical school F5 
spaces 

6. Nursing school admission rate, by type of pro- A3 
gram 

7. Quantity and type of manpower received by type of Yl 
education institution 

8. Probability that an applicant will be accepted Yl 



to medical school 

9. Growth of junior colleges and universities Yl 

10. Professorial services and personnel, by type L3, Yl 

n. Undergraduate medical courses L3 

12. Medical education by year L3 

13. Medical aegrees L3 

14. Other education (graduate education, dental, L3 
etc. ) 
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15. Research 

16. Services and programs (e.g., physical therapy, U 
library services, etc.) 

17. Quantity of medical or nursing education demanded Y1 
and supplied 

Y1 

18. Revenues 

19. Medical undergraduate enrollment Y1 

20. Size distribution of hospitals Y1 

21 . Input cost data . ^ 

22. Total nurse program enrollment Y1 

4.4.4 Manpower Resource M nrf^lfi - Manpower Pool (Aggregates) 

Inputs 

I. Income. of health manpower, by type A3, F5, B5, H4, Y1 
: 2. Growth of various nursing programs A3 

3. Admission rates to various nursing programs A3 

4. Population socioeconomic and demographic F5, B5, HI, SI, F1, Y1,E2,i'8 
variables 

5. Number of places in medical classes in state B5, SI 

6. Medical examination failure rate B5, SI 

7 Percentage of internships and residencies SI 
filled 

8. Dental school dropouts 

9. Number of first year dental school students F4 

10. Number and type of health manpower ^5, F4, H3 

II. Social security retirement benefits F5 

12. Number of medical or dental school graduates F4, H3 
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13. Hospital admission rate HI 

14. Number of hospital beds H3, F8 

15. Number of dentists dying or retiring H3 

16. Net profit of solo-practice physicians H3 

17. Average price of land for existing FHA housing H3 

18. Rate of population increase H3 

19. Percentage of commercial area in the city E2 

20. Number of hospitals or hospital beds E2, F8 

21. Census tract location (central business 

district or other) E2 

22. Number of medical schools F8 

23. Average price per visit F8 

Outputs 

1. Number of physician visits F5 

2. "Stock of nurses" parameters (employment, F5 
migration, turnover, retiring, etc.) 

3. Number of physicians and/or dentists 85, SI, F4, Fl, 

HI, E2, F8 

4. Inflow of foreign medical school graduates F5 

5. Medical school graduates practicing in state H3 

6. Physician income SI 

7. Number of hospital beds Fl 

8. Number of admissions Fl 

9. Length of stay Fl 
10. Health insurance status Fl 

n. Supply of health manpower by occupation Ml, Yl 
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4.4.5 Manpower Resource Models - La bor Force Behavior 



Inputs 

1. Population socioeconomic and demographic 
variables 

2. Number of nursing school graduates 

3. Income of health manpower by type 

4. Number of female RNs and/or LPNs 

B. labor force participation rate of female RNs 

6. Husband's Income and/or occupation 

7. Length of employment on job prior to position 
with the hospital 

8. Length of service 

9. Physician specialty 

10. Medical school attended (domestic or foreign) 
n. Physician career status 

12. Type of employment of physician 

13. Proportion of medical specialists and 6Ps 
with previous state contacts of birth, mfedicai 
school, internship, and/or residency 

14. Employment location within an SMSA 

15. Total hours worked during the year 

16. Govev-nment employee or self-employed 

Outputs 

1. Reported hours of nursing services worked 
per week and number of weeks worked 

2. Length of service 



B6, B4, Yl, 

S2, SB 

B4, Yl 
B4, S8, Yl 
B4, SB, Yl 
B4, Yl 
B6, SB 
S2 

S2 
Yl 
Yl 
Yl 
Yl 
S6 

SB 
SB 
SB 



66, SB 

S2 
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0 


neaian inviOne or Tcfitalc nllS 


DH 


A 


Total female RNs 


OA VI 


5. 


Labor force participation rate of female RNs 


B4. Yl 


6. 


Absenteeism rate 


S2 


7. 


Overall retention probability for specialists 
and CPs 


S6 


8. 


Hourly and weekly wages of nurses and spouses 


S8 


9. 


Number of physicians by age, activity, and 
specialty 


Yl 



10. Employment of aides, RNs, LPNs, and technicians Yl 
111 the office 

4.4.6 Health Care Delivery Organization Models Administration 

Inputs 

1. Distribution of workload Al 

2. Hospital size (number of beds, wards) Al, F5, R2, Yl 

3. Number and duration of planning periods Al 

4. Cost of personnel (salary, recruiting, moving, H4, A2, F5, Wl, Al 
training) S3, S4 

5. Efficiency or utility In full-time equivalent Al, S3 
persons 

6. Required minimum staff level Al 

7. Set of various staffing locations Al 

8. Manpower training length Al, M2, F6 

9. Hospital daily census (by category) A2, 01, S7, H4, 83 

10. Number of hospital admissions and transfers A2, R2, 81 
(by mode and/or category) 

11. Hospital administrative cost statistics A2, 82, iJl, S4, Zl 

M2, Yl 
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\Z, Floor space A2i S4 

13. Number of hours worked (including part time 

and/or overtime) 01. S3, Wl, A2, LI, CI 

14. Number and type of hospital ssi'Vlces M2, Yl, F5, H4, F6, A2, 

B1,L4, H2, L4 

15. Hospital revenues and prices A2, B2, B3, Yl 

16. Population socioeconomic and demographic 81, Fl, F5, Kl, L4, R2, 
variables Zl, B3 

17. Method of payment Bl, B3 

18. Patient characteristics; number In each care 82, CI, Jl, S5, Tl 
class (patient category weights Indicating 

direct care requirements or "value" to hospital) 

19. Length of stay (by category) Bl, Kl, R2, 83 

20. Target profit level B2 

21. Patient restrictions B2 

22. Resource limits B2, L4, Ml 

23. Hospital funding B2, S4, Yl 

24. Technological coefficients 82, Ml 

25. Patient requirements data B2, S3, Tl 

26. Number of ni/rsing home and extended care 

facility beds F5 

27. Type of activity, time, complexity, priority, H2, LI, M2, VI 
and sequence rationale 

28. Service times H2, LI, Ul, Wl 

29. Type of nursing unit 01 

30. Resources used ^^l* Zl 

31. Distribution of visits Kl, S7, Yl 

32. Infant Illness data Kl 
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33. Bed requirements for specific programs 14 

34. Personnel (number and type) L4, S4, S3, W1 

A2, H4, F6, Yl 

35. Service queue arrival and service time dis- M2 
tributions 

36. Personnel characteristics (productivity, number S4 
required per physician, etc.) 

37. Demand for services S4, F6 

38. Rates of entry, exit, and transition for each S5 
care category 

39. Amount of service provided Zl, Yl 

40. Health insurance status Yl 

41. Prices (doctor's office visit, rfursing home f5 
care) 

42. Hospital construction costs P5 

43. Number of public school children ^5 

44. - Stipends 57 

45. Medical school affiliation 5^ 

46. Demand coefficients (desired personnel em- mi 
ployment per unit level of demand) 

47. Utilization of services Ml, Zl 

48. "Permanent" or "transitory" nature of the h4 
nurse force 

49. Number of physicians with special clinical h4 

privileges 

50. Number of physicians 83, U 

51. Non-specific Inputs to the health care vi 
delivery system 

52. Previous bed shortages 

53. Quantity and type of manpower supplied and vi F6 
demanded • 
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54. Number of students and type of training program F6 

55. Student data (matricu1ants» transfers, drops, F6 
graduates) 

56. Faculty student ratio F6 

57. Capacity of training programs F6 

58. Proportion of manpower who do not deliver health F6 
care 

59. Migration rate from manpower pool F6 

60. Discount rate F6 

61. Relative value of health service, by type F6 

Outputs 

1. Required minimum staff level A1 

2. Number and type of employees A2 

3. Hospital administrative cost data A2, Al, M2, 21, W1 

4. Hospital revenue assets and prices A2, F5, Yl 

5. Cost of personnel (salary, etc.) A2 

6. Floor space A2 

7. Administrative decision variables A2 

8. Number of hours worked (by type of activity) A2, LI, C1» Ul 

9. Requests for services A2 

10. Number and type of hospital or physician A2, F5 
services 

11. Amount of workload A2 

12. Length of stay Bl, Fl, Y1 

13. Weighted sum of patients treated In all 62 
equival ince classes 

14. Health insurance status H 

15. Number and type physicians Fl, FS 
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16. Number of hospital beds FT, F5 

17. Hospital admissions Fl, Yl 

18. Hospital patient days or bed days pg, Yl 

19. Personnel and facility utilization data Kl, Ul 

20. Type of service activity, time, sequence, LI, M2 
by category 

21. Optimal bed service allocations for different L4 
objective functions 

22. Service queue parameters (arrivals, depart- Ul, M2 
ures, time in channel, etc.) 

23. Predicted number of patients in each care S5. Tl 
category 

24. Expected demand for nurses or other hospital Tl, R2 
resources 

25. Projected health service and resource require Zl 
ments 

26. Nursing home parameters (beds, patient days, FB 
occupancy rate, etc.) 

27. Number of voutpatlent visits F5, Yl 

28. Days of* home care F5 

29. Construction costs F5 

30. Number and type of health manpower (other F5, Ml 
than physicians) 

31. Numbor ot' residencies offered S7 

32. Average price of private physicianfe services F5 

33. "Stock of nurr-^es" parameters (emplovment, H4 
migration, turnover > retiring, etc.) 

34. Number of patients In various departments B3 

35. Amount of services (patient visits* bed days) Yl 



t^at can lv^ f^^fiivibly produced* given available 
rer>ource!i 
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36. Bed days of capacity added Yl 

37. Quantity and type of manpower demanded and/or Yl 
received 

38. Values of the input parameters which minimize S3 
the cost of assignment policy (substitution 

of various personnel classes) 

39. Values of the input parameters which maximize S3 
the total quality level of the health 

services provided 

40. Values of the input variables which minimize S4 
the total cost to a community of providing 

health services of acceptable quality 

41. Values of the input variables which minimize F6 
a discounted, weighted sum of types of care 

not delivered over the horizon specified 

4»4»7 Health Care Delivery Organization Models — Service Delivery 



Inputs 

1. Number of physicians or dentists F4, Rl, F8 

2. Number of aides or auxiliaries F4, Rl 

3. Number of work hours of physician or dentists F4, Rl, Yl 

4. Number of chairs in the office F4 

5. Price index F2 

6. Cost of other goods 1^2 

7. Quantity of incuts (paramedical personnel, F2 
supplies, etc.) 

8. Services provided per physician F2, Rl, Yl 

9. Average fee P2, Rl, Yl, F8 

10. Reference income F2 

11. Capital stock Rl 

12. Government provision of medical services F2 

13. Health insurance status 
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14. Per capita income F2, Rl 

15. Type of practice (group or solo) Rl, Yl 

16. " Length of practice, In years Rl 

17. Physician specialty Yl 

18. Number of hospital beds F8 

Outputs 

1. Supply of dental visits per 1,000 population F4 

2. Price per dental visit F4 

3. Physician output in terms of office Rl, Yl, F8 
visits, patient visits, and billinqs 

4. Index of private physician's services F2 

5. Index of average price of private F2 
physician's services 

6. Index of services provided per private F2 
practice physician 

7. Physician fees by specialty Yl 

4.4.8 Consumer Service Behavior Models — Utilization Behavior 

Inputs 

1. Price of medical care 01, El, F5, F3, Yl 

2. Price of health insurance 01 

3. Health insurance coverage 01, El, Yl 

4. Consumption of medical care 01 

5. Health status 01, A4 

6. Value judgments and attitudes toward health, A4 
health services, and health insurance 

7. Individual's knowledge of disease and A4 
persona) care habits 
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8. 
9. 

10. 

n. 

12. 

13. 
14. 
15. 

16. 
17. 

18. 

19. 
20. 

21. 
22. 

23. 



Welfare care or free care for major illness 

Symptoms 

Disability days 

Population socio-economic and demographic 
variables 

Population's initial distribution among 
health care states 



Y1 
R2 



Utilization of health resources 
Number of physician visits 

Transitional probabilities representing all 
possible movements of people among the 
health states 

Number of hospital- based outpatient dirties 

Conditional probabilities of having health 
insurance by age, race and family income 

Parameters to determine hospits* admission rates R2, Y1 
by race, age, family income and hospital in- 
surance status, etc. 

Conditional probability distribution of R2 
diagnosis by age and sex 

Conditional probability of surgery status by R2 
age, hospital insurance status, diagnosis 
and residence 

Conditional probability di^itribution of bedsize R2 
of hospital by diagnosis and surgery status 

Parameters to determine length of stay in the R2, Y1 
hospital based on age, surgery, diagnosis, 
family income, hospital insurance status, and 
size of hospital 

Daily probability of hospital admission for R2 
persons in their las v year of life 



A4 
A4 
A4 

F3, H5, R3, F7, L2, F5, 
01, A4, El, N1, Y1 

N1 
N1 

N1, Y1 
N1 
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24. Number of hospital admissions and transfers F3 

25. Number and type of hospital services F3, F7 

26. Number of nursing home and extended care F3, F7 
facility beds 

27. Medicare data (participation, government buying F3 
In, etc.) 

Outputs 

1. Units of use of hospitals and hospital services A4 

2. Units of use of physicians (e.g., visits) A4, FS, L2 

3. Units of use of drugs A4 

4. Units of use of dentists A4 

5. Medical expenditures 01 

6. Health status D1 

7. Outpatient visits El, F5 

8. Hospital admissions El, R2, F3, R3 

9. Patient days by age, race, sex, etc. El, R2, H5, R3, F7, L2 

10. Inpatient operations El 

n. Length of stay El, R2, r3 

12. Discharge, death, and transfer to other El 
levels of care 

13. Vital statistics- birth, deaths El 

14. Health system costs p 

15. Hospital cost and personnel use by hospital El 
administrative services categories 

16. Utilization of health services in each state Nl, El 
of care, and resources required to satisfy 

the demand 
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17. Estimates of changes in demographic utilization Nl 
or productivity parameters on the resources 
required 

18. Solution of the objective function; the transi- Nl 
tional probability matrix which defines the 
alternative designed to minimize the constraints 
selected 

19. Surgery status R2 

20. Bed size of hospital R2 

21. Hospital discharges by age, race, sex, income, R2 
etc. 

22. Health insurance status F3 

23. Health insurance benefits F3 

24. Hospital administrative cost data F3 

25. Quantity of inpatient or outpatient services Yl 
received by individuals 

26. Quantity of inpatient or outpatient services Yl 
needed by individuals 

27. Quantity of inpatient or outpatient services Yl 
demanded by individuals 

4.4.9 Incidence of Illness Models 

Inputs 

1. Race A6. A5. L2 

2. Income A6, A5, L2 

3. Education A6. A5, L2 

4. Urbanization A6. AS. L2 

5. Employment classification (e.g., manufacturing, A6, A5, L2 
agriculture) 
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6. Alcohol consumption A6 

?• Cigarette consumption A6 

8, Occupation classification (i.e,» white-collar, A6, L2 
blue-^collar) 

9. Participation in the labor force {Including A6, A5 
employment rate) 

10. Medical school presence in state A6 

11. Expenditures on medical ^are per capita and A6 
prescription drugs 

12. Number of physicians ^ A6, L2 

13. Number of paramedical personnel A6 

14. Medical capital per capita A6 

15. Practicing physicians in group practice A6 

16. Ethnic group A5» Yl 

17. Net migration A5, L2 

18. Age A5, L2, Yl 

19. Number of hospital beds A5 

20. Populatior. density L2 

21. SeK L2, Yl 

22. Geographic region 1*2 

23. Mortality rates 01 

24. Fertility rates 01 

25. Marital status 



347 



Outputs 

1. Mortality from accldentSt sulcldet and AS 
cirrhosis of the liver 

2. Net migration AS 

3. Median age AS 

4. Median education AS 

5. Percent unemployed AS 

6. Income AS, 12 

7. Hospital beds/ population t'atio AS 

8. Age-sex adjusted death rate A6 

9. Number of deaths L2 

10. Determination of life expectancy 01 

11. Probability that an individual will be in a Y1 
specific diagnostic category 
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